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(1)

FUELING THE HIGH TECH WORKFORCE WITH
MATH AND SCIENCE EDUCATION

FRIDAY, JANUARY 23, 2004

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,

Washington, DC.

The Committee met, pursuant to call, at 9:20 a.m., in the Camp-
bell High School Auditorium, Smyrna, Georgia, Hon. Phil Gingrey
presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Fueling the High Tech Workforce
With Math and Science Education

FRIDAY, JANUARY 23, 2004
9:00 A.M.–12:00 P.M.

CAMPBELL HIGH SCHOOL,
SMYRNA, GEORGIA

1. Purpose
On Friday, January 23, 2004, the House Science Committee will hold a field hear-

ing to examine various strategies underway to improve student achievement and
teacher performance in math and science education. This hearing will also discuss
the value of a well-educated science and technology workforce to job creation and
economic vitality.

2. Witnesses

Ms. Rachel Purcell is a senior at Campbell High School. She is valedictorian of
her class and she hopes to pursue a career in medicine.

Mr. Randy McClure is a teacher and the Department Chair for Science at Camp-
bell High School.
Mr. J. Martez Hill is Director of Policy at the Georgia Department of Education.
Dr. Paul Ohme (OH-may) is the Director of the Center for Education in Science,
Mathematics and Computing (CEISMC, pronounced ‘‘seismic’’) at the Georgia Insti-
tute of Technology. Prior to joining CEISMC, Dr. Ohme served as the Associate Vice
President for Academic Affairs and the Head of the Department of Computer
Science at Northeast Louisiana University. Dr. Ohme also taught mathematics and
computer science at various colleges and universities, including Clemson, Mis-
sissippi, and Franklin and Marshall.
Mr. C. Michael Cassidy is the President of the Georgia Research Alliance. Before
joining the Alliance, Mr. Cassidy managed the Advanced Technology Development
Center (ATDC) based at the Georgia Institute of Technology, one of the Nation’s old-
est technology incubators. He also worked for IBM, where he held various staff and
management positions. In addition to his work at the Alliance, Mr. Cassidy consults
with several states on issues of science and technology policy and he represents
Georgia on the Southern Technology Council and the Southern Governors’ Associa-
tion Advisory Committee on Research, Development and Technology.
3. Overarching Questions

The hearing will address the following overarching questions:
• How can federal, State, and local entities work together to attract and edu-

cate the next generation of scientists and engineering students? What strate-
gies are being employed to increase math and science interest and achieve-
ment at the State and local levels?

• How important is a well-educated workforce to keeping the Nation at the
forefront of research, development and ground-breaking advances in science
and technology? What will happen if we cannot adequately develop our do-
mestic talent?

• How can successes in these areas translate into economic gains and other op-
portunities for individuals, businesses, and the Nation as a whole?

4. Brief Overview

• The U.S. Department of Labor projects that new jobs requiring science, engi-
neering and technical training will increase four times higher than the aver-
age national job growth rate. Clearly, workers increasingly require a solid
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academic foundation in science and math—as well as technical know-how—
to succeed in today’s high-tech workplace.

• This issue of national importance is especially important in Georgia, where
the rapidly growing science and technology workforce is now the 11th largest
in the Nation. In addition, Georgia is a leading State in emerging fields such
as nanotechnology and 9th nationally in the emerging field of biotechnology.

• Despite these growing demands, only two out of every 100 high school grad-
uates nationally will ever obtain an engineering or technical degree and only
nine out of 1,000 women and eight out of 1,000 minorities will ever obtain
an engineering degree.

• Further, most of the graduating class in America’s high schools is either not
sufficiently prepared or not sufficiently motivated to pursue advanced study
in science, math, engineering or technology fields. According to the National
Assessment of Educational Progress (NAEP), fewer than one-third of all U.S.
students in grades four, eight and twelve performed at or above proficient lev-
els, while a third performed below basic levels.

• While there are no quick fixes, we can take steps now to re-examine how
teachers teach and students learn math and science. Successfully addressing
these challenges will positively impact Georgia’s economic growth and, con-
sequently, the economic welfare and scientific discovery of the Nation as a
whole.

5. Background
For decades, the United States has been able to conduct cutting-edge science be-

cause of its ability to both recruit talented American students into science and tech-
nology fields and import the best and brightest from around the world. Our well
educated workforce has fueled the Nation’s engine of economic growth, and it has
propelled the U.S. to global leadership in science and technology (S&T). Unfortu-
nately, a decline in our domestic S&T workforce, new restrictions on foreign-born
individuals, and an increase in competition for S&T talent may make it difficult for
the U.S. to maintain its edge into the future.
Student Achievement in Math and Science

The future of the Nation depends on a strong, competitive workforce and a citi-
zenry well equipped to function in an increasingly complex and interdependent
world. While the most recent results of the National Assessment of Educational
Progress (NAEP) show that student achievement is generally up over the last 30
years, large numbers of U.S. students demonstrate a mastery of only rudimentary
mathematics. In fact, 31 percent of 4th graders, 34 percent of 8th graders and 35
percent of 12th graders scored below ‘‘basic.’’ Worse, the achievement gap in NAEP
math scores between white and black students and between white and Hispanic stu-
dents has remained relatively unchanged since 1990, with 68 percent of African
American 8th graders scoring below basic compared to 23 percent of white students.

On international assessments, U.S. performance relative to other nations actually
declines with increased schooling. According to the most recent (1999) Third Inter-
national Mathematics and Science Study (TIMSS), an assessment that evaluates the
math and science performance of 4th, 8th and 12th grade students from 42 different
countries, most U.S. children score above average in elementary school, but those
in 12th grade—including our most advanced students—rank among the lowest of all
participating countries, outperformed by nearly every industrialized nation and
ahead of only Cyprus and South Africa.

According to the TIMSS analysis, most U.S. high school students take no ad-
vanced science, with only 25 percent enrolling in physics and 50 percent in chem-
istry. These high school graduates are not prepared to study college level science
or engineering and, in fact, are unlikely ever to do so.

While U.S. undergraduate and graduate education remains the envy of the world,
the interest of and the participation by U.S. students in science, technology, engi-
neering and math is declining. In fact, of the 25–30 percent of freshmen who express
an interest in science and engineering, less than half complete a science or engineer-
ing degree in five years. As noted by the 1998 Science Committee study, entitled
Unlocking Our Future, ‘‘There appears to be a serious incongruity between the per-
ceived utility of a degree in science and engineering by potential students in the
U.S. and the present and future need for those with training in our society.’’ This
is especially the case in emerging and interdisciplinary areas, such as
nanotechnology, information assurance, and bioinformatics.

As the number of U.S. science and engineering students declines, our dependence
on foreign students grows. According to the National Science Foundation’s Science
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and Engineering Indicators (2002), the percentage of foreign-born individuals among
scientists and engineers in the U.S. is growing at all degree levels, in all sectors,
and in most fields. Especially high percentages are found in engineering (45 per-
cent), computer sciences (43 percent) and mathematics (30 percent).

At the same time, other nations are aggressively acting to stem their own ‘‘brain
drains’’ and entice citizens trained in the U.S. to return to their native countries,
and many are succeeding. The Council of Scientific Society Presidents estimates
that by 2010, if current trends continue, over 90 percent of all physical scientists
and engineers in the world will be Asians working in Asia. New opportunities to
do high wage, high value work without immigrating to the U.S. may reduce the net
‘‘brain gain’’ that has been so critical to our historic economic success.
Workforce

In December 2001, the Bureau of Labor Statistics (BLS) projected that the num-
ber of professional information technology jobs in the U.S. would grow by more than
70 percent between 2000 and 2010. (New projections in March 2004 will cover 2002
to 2012 and factor in the economic impacts of events and trends subsequent to the
previous projects, such as the 2001 recession and the terrorist attacks.) With unem-
ployment at six percent and a net loss of jobs since 9/11, the case for a shortage
may be suspect. But, if the economy continues to rally, our need for qualified work-
ers will grow.

Over the next fifteen years, 40 million workers will retire, but the growth in the
number of workers between the ages of 25 and 54 is expected to be flat over that
same period. This future shortage will be compounded by the fact that worker skills
and education are not keeping pace with extraordinary technological advances in
the workplace. According to the BLS, 15 of the 20 fastest growing occupations are
expected to require substantial math or science preparation.

To remain competitive, we must do a better job of educating, hiring, training, re-
taining and advancing our workers. Our education and training programs must do
more to prepare and connect workers to today’s jobs and help them keep pace with
the changing skill demands of the 21st century workplace. Also, businesses must
look for workers in populations they have historically neglected, such as the 70 per-
cent of people with disabilities who don’t have jobs. Not only will this spur economic
growth, but it also will provide greater opportunities for students to pursue higher
education and training or to enter higher-wage careers.
Federal Math and Science Education Initiatives

K–12 Programs
In the mid-1980s, the U.S. Department of Education created math and science

professional development programs, consortia and clearinghouses. Meanwhile the
National Science Foundation broadened its math and science education focus to in-
clude all students—instead of just top students—and it made substantial invest-
ments in curriculum development, pre-service and in-service teacher education and
informal science education, among others.

Then, in 2002, President Bush proposed the No Child Left Behind initiative to
fundamentally reform elementary and secondary education. Among other things,
this law requires assessments in reading and math for all students in grades 3–8
by the 2005–2006 school year and in science for students by the 2007–2008 school
year. Students would be expected to make annual progress toward proficiency in
each of these subjects. Failure to do so would result in the school’s designation as
‘‘in need of improvement’’ and corrective actions, ranging from additional funds to
school reconstitution. Other provisions call for all children to be taught by highly
qualified teachers.

In response to national concerns regarding too many teachers teaching out of
field, too few students taking advanced course work and too few schools offering
challenging curricula, No Child Left Behind also called for the creation of a new
Math and Science Partnership Program to unite the activities of higher education,
school systems and business in support of improved math and science proficiency
for K–12 students and teachers.

Ultimately, two programs were created. The first established a competitive, merit-
based grant program at the National Science Foundation (NSF), as part of the NSF
Authorization Act of 2002 (P.L. 107–368). This program awards grants to partner-
ships between institutions of higher education and one or more school districts to
improve math and science education. Funds are used to develop innovative reform
programs that, if proven successful, would be the key to large-scale reform at the
State level. The second program was housed at the Department of Education and
was created by the No Child Left Behind Act of 2001 (P.L. 107–110). Although simi-
larly titled, the programs were created to be complementary to—not duplicative of—
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each other. Specifically, NSF was to fund innovative programs to develop and test
new models of education reform, thereby remedying a lack of knowledge about math
and science research, while the Department of Education would broadly implement
and disseminate new teaching materials, curricula and training programs. The FY
2004 omnibus appropriation would provide the Education and the NSF partnership
programs with $150 million and $140 million respectively.

Undergraduate Programs
In addition to creating the Math and Science Partnership Program at NSF, the

National Science Foundation Authorization Act sought to address the decline in the
Nation’s technical workforce and to improve undergraduate math and science edu-
cation. Among other things, the bill established the Tech Talent Act (now known
as the Science, Technology Engineering and Mathematics Technology Expansion
Program, or STEP) to increase the number of U.S. students majoring in science,
math, engineering and technology. Specifically, STEP provides funding and rewards
to colleges and universities that develop creative and effective recruitment and re-
tention strategies that bring more students into science, mathematics, and engineer-
ing programs. The FY 2004 appropriation for STEP is expected to be $24.85 million.

The bill also created the Robert Noyce Scholarship Program, which awards grants
to colleges and universities to award scholarships to top math and science majors
or minors in return for a commitment to teach at the elementary or secondary
school level. The FY 2004 appropriation is expected to be $7.95 million.

6. Questions for Witnesses

Mr. Cassidy

• How can we attract, educate and retain the critical mass of talent necessary
to keep the State of Georgia—and the country as a whole—at the forefront
of research, development and ground-breaking advances in science and tech-
nology? In addition to providing a technically literate workforce, why is it im-
portant to improve public support and understanding of math and science?

• How do we avoid a disconnect between the jobs we want to keep in the U.S.
and our workforce’s ability to perform those jobs? How is the State of Georgia
working with K–12 schools as well as colleges, universities and training pro-
grams to avoid that disconnect?

• How can we ensure that we provide sufficient opportunities to allow students
and researchers, educators and employees to become and then remain current
and competitive in our rapidly evolving world?

Dr. Ohme

• What do you feel is the single, most important step that the Federal Govern-
ment should take to improve K–12 math and science education?

• How can we grow, educate, attract and retain the best and brightest sci-
entists and engineering students? Based on the involvement you have had
with math and science education programs at the U.S. Department of Edu-
cation and the National Science Foundation as well as those in the State of
Georgia, what are the most important and effective components of these pro-
grams?

• How can K–12-higher education partnerships reduce the need for remedi-
ation, promote interest in math and science education, and reduce the num-
ber of dropouts, especially for under-represented populations?

Ms. Purcell

• What sparked your interest in math and science? Was it a teacher or a class?
Or was it something outside your formal education, like a trip to a science
museum, a significant scientific event (a shuttle launch or a discovery), or
interactions with a parent or relative?

• What made your math and science classes interesting to you? How could we
help increase interest in math and science for other students?

• In thinking about the many different subjects you could study in college, why
did you choose the way you did? Were you aware of the types of jobs that
are available to students with a strong math or science background? What
would you like to do with your degree after graduation?
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Mr. McClure

• Based on the involvement you have had with math and science education pro-
grams at the U.S. Department of Education and the National Science Founda-
tion as well as those in the State of Georgia, what are the most important
and effective components of these programs?

• How can we spark a greater student interest in math and science education?
What can we do to ensure that student interest in math and science does not
wane as they progress through our formal system of education?

• What challenges do you face in improving student achievement in math and
science education? How can parents, businesses, the community, and the gov-
ernment support you in your efforts to raise student proficiency in math and
science?

Mr. Hill

• What is the overall state of math and science education in Georgia? Why is
it important for all students to achieve proficiency in these subjects, as envi-
sioned in No Child Left Behind?

• Based on the involvement you have had with math and science education pro-
grams at the U.S. Department of Education and the National Science Founda-
tion as well as those in the State of Georgia, what are the most important
and effective components of these programs?

• What have you learned about the ability—or the inability—of K–12-higher
education partnerships, such as those created by No Child Left Behind, to re-
duce the need for remediation, to promote interest in math and science edu-
cation, and to reduce the number of dropouts, especially for under-represented
populations?
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Mr. GINGREY. Good morning everybody. I would like to call the
meeting of the House Science Committee, the Full Committee
meeting to order.

We will begin the meeting with our presentation of the colors.
[Color guard.]
[Pledge of Allegiance.]
Mr. ARNSON. Thank you all for coming and joining us this morn-

ing. At this time, I would like to introduce Representative Phil
Gingrey.

Mr. GINGREY. Thank you very much, Principal Arnson.
[Applause.]
Mr. GINGREY. It is great to be here today in my District at Camp-

bell High School.
What I would like to do is just describe to you the format of what

we’re doing. I want you to know that we are going to—this is a for-
mal field hearing of the full Committee on Science of the United
States Congress and the written statements that are presented by
our panelists and the questions and answers, all of that will be
part of the permanent Congressional Record. So I want to say to
the people that are here this morning, that are participating, make
sure you put this date. I think today is—I should remember and
know that today is January the 23rd because tomorrow my daugh-
ter is getting married and I know that is on January the 24th. But
you put this date down in your Blackberry so you can tell your
grandchildren one of these days to look it up in the Congressional
Record, you were part of a Full Committee hearing of the Science
Committee. So welcome one and all.

I hope everybody in attendance knows who I am. If you do not,
I may be in a little bit of trouble come next November the 2nd. So
I am not going to tell you anything about myself. But it is certainly
a great honor for me to chair this Full Committee hearing of the
Science Committee with one of my freshmen colleagues on the
Committee, and that is the Honorable Representative Lincoln
Davis. He is a Member of Congress from the great State of Ten-
nessee, the Volunteer State. He is from a county that I did not
know whether to pronounce Pall Mall or Pell Mell, Tennessee, but
he reminded me that it was Pall Mall. So I was at least halfway
in between and we finally got it right.

Representative Davis, like myself, was elected a year ago to the
Congress. He is the former mayor of Byrdstown, Tennessee. So he,
like me, kind of started locally. I think most of you know that I was
a member of the Marietta City School Board. That was my first
taste of politics, and I think Congressman Davis would agree with
me that all politics eventually—it starts local and it ends local. I
think we are very proud of that. He and I—I have to tell you all—
you can figure it out later exactly what the age is, but we are about
the same age. He has actually been married a little bit longer than
I have. He and his wife Linda, I believe, have been married 40
years, and she was his high school sweetheart. Now, I want to tell
you a little bit about Congressman Davis, and I do not know what
the significance of this is. But his first name is Lincoln, her first
name is Linda and they have three daughters, Lorissa, Lynn and
Libby. Now, I think that is called a bit of an alliteration. And now
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with five grandchildren, Ashton, Alexia, Andrew, Austin and Adam,
I will let Congressman Davis explain all of that to us.

He is a farmer and a builder and developer. He actually—his
farmland was purchased from Alvin York, the great World War I
hero whose name we all recognize. He has lived in Fentress County
all of his life and is a hometown boy and a great member of the
Congress.

I will tell you another thing about our committee. The Science
Committee is fairly equally balanced between Republicans and
Democrats. Of course, when you have the majority there is always
at least one more Republican than Democrat. But it is a very unbi-
ased, bipartisan committee. In fact, Congressman Davis’ colleague
from Tennessee, Representative Bart Gordon, has just been named
Ranking Member of the Committee. So it is with a great deal of
pleasure that I am here today having this committee hearing with
my colleague from Tennessee, Representative Lincoln Davis. I will
turn it over to him in just a minute for his opening remarks.

First of all, let me say thank you, Principal Arnson, for your
warm welcome and Major Moyers and the Army Junior ROTC—I
am very proud of you—for the presentation of our colors, and Chad
Smith for leading us in the Pledge of Allegiance. I know his dad,
who is here this morning, and a Council Member from the City of
Smyrna, is very proud of Chad.

It is my pleasure to welcome all of you this morning to this very
important House Science Committee hearing titled Fueling the
High Tech Workforce with Math and Science Education. I know
many of the students in attendance are AP math and science stu-
dents, and possibly some International Baccalaureate, and we are
very proud that you are with us this morning.

I am excited about holding the hearing in Cobb County, and
again, Principal Arnson, I want to thank Campbell High School for
so graciously hosting this event. And I want to thank our witnesses
for being here to testify before the Committee. I look forward to
hearing your insights and your opinions. Also, as I stated, welcome
my colleague, Congressman Davis.

Today, we will examine various strategies underway in Georgia
and nationally to improve student achievement and teacher per-
formance in math and science education, and how a well educated
science and technology workforce enhances job creation and eco-
nomic vitality.

The importance of elementary, secondary and post secondary
math and science education to Georgia and the Nation’s high tech
economy is apparent. Georgia’s science and technology workforce is
ranked 11th in the Nation and it is continuing to grow. Its bio-
technology workforce is ranked ninth. The United States Depart-
ment of Labor projects that new jobs requiring science, engineering
and technical training will increase four times higher than the av-
erage job growth nationally. Clearly, workers require a solid aca-
demic foundation in science and math to succeed in this high tech
workplace and to remain competitive with students from other na-
tions in our global economy. Right now we are not. Studies have
shown over the last several years that compared to other developed
industrial nations we are behind. We are particularly behind in
math and science.
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Only two out of every 100 high school graduates will ever obtain
an engineering or a technical degree. Let me repeat that. Only two
out of every 100 high school graduates will ever obtain an engi-
neering or technical degree. Consequently, only nine out of 1000
women and eight out of 1000 minorities will ever obtain an engi-
neering degree. Worse, most of the graduating class in America’s
high schools are either not prepared or not sufficiently motivated
to pursue advanced study in science, math, engineering or tech-
nology fields. According to the National Assessment of Educational
Progress, fewer than B of all United States students in grades 4,
8 and 12 performed at or above proficient levels in math and
science, while B—fully B performed below basic levels.

Tuesday night, in his State of the Union address, President Bush
stressed the importance of promoting quality math and science
education when he announced the Jobs for the 21st Century plan.
Among other initiatives that will help better prepare workers for
jobs in the new millennium, the plan calls for a $120 million in-
crease for a mathematics and science partnership program. That
program establishes partnerships between high schools and post
secondary technical, vocational colleges and two-year colleges to in-
crease achievement in both math and science for all secondary stu-
dents.

While there are no quick fixes, we can take steps now to re-ex-
amine how teachers teach and students learn math and science.
Failure to address our problems will impact Georgia’s economic
growth and consequently the economic welfare and scientific dis-
covery of the Nation as a whole.

We will hear testimony this morning from witnesses with exper-
tise across the broad spectrum of this issue. We’ll hear from a stu-
dent who plans to use the knowledge and education that she has
obtained in math and science and pursue a career in medicine; a
teacher who has dedicated his life to fueling students with a pas-
sion for science; an administrator that strives to implement the
best policies for educating Georgia’s students; a professor who
seeks to meet the future challenges by encouraging and inspiring
the very best in science, math and technology education for all stu-
dents; and finally, a business leader who leverages Georgia’s re-
search capabilities into economic development results. I thank you
and certainly look forward to hearing your testimony.

I would like now to introduce to you Congressman Lincoln Davis
for his opening remarks. Congressman Davis.

[Applause.]
[The prepared statement of Mr. Gingrey follows:]

PREPARED STATEMENT OF REPRESENTATIVE PHIL GINGREY

Thank you, Principal Arnson, for your warm welcome, and Major Moyers, the
Junior ROTC, for the presentation of our colors, pledge, and National Anthem.

It is my pleasure to welcome all of you this morning to this very important
Science Research Subcommittee hearing, ‘‘Fueling the High Tech Workforce With
Math and Science Education.’’ I am excited about holding this hearing in Cobb
County and want to thank Principal Arnson and Campbell High School for hosting
this event. I want to thank our witnesses for being here to testify before the Com-
mittee, I look forward to hearing your insights and opinions. Also, I want to wel-
come my colleague, Congressman Lincoln Davis from Tennessee, to the great State
of Georgia and thank him for attending this hearing.
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Today, we will examine various strategies underway in Georgia and nationally to
improve student achievement and teacher performance in math and science edu-
cation, and how a well-educated science and technology workforce enhances job cre-
ation and economic vitality.

The importance of elementary, secondary, and post-secondary math and science
education to Georgia and the Nation’s high tech economy is apparent. Georgia’s
science and technology workforce is ranked 11th in the Nation and continues to
grow, it’s biotechnology workforce ranked 9th. The U.S. Department of Labor
projects that new jobs requiring science, engineering, and technical training will in-
crease four times higher than average job growth nationally. Clearly, workers re-
quire a solid academic foundation in science and math to succeed in this high tech
workplace and to remain competitive with students from other nations in our global
economy.

However, only two out of every one hundred high school graduates will ever ob-
tain an engineering or technical degree. Consequently, only nine out of a thousand
women and eight out of a thousand minorities will ever obtain an engineering de-
gree. Worse, most of the graduating class in America’s high schools are either not
prepared or not sufficiently motivated to pursue advanced study in science, math,
engineering, or technology fields. According to the National Assessment of Edu-
cational Progress, fewer than one-third of all U.S. students in grades four, eight,
and twelve performed at or above proficient levels while a third performed below
basic levels.

While there are no quick fixes, we can take steps now to re-examine how teachers
teach and students learn math and science. Failure to address our problems will im-
pact Georgia’s economic growth and, consequently, the economic welfare and sci-
entific discovery of the Nation as a whole.

We will hear testimony from witnesses with expertise across the broad spectrum
of this issue. We’ll hear from a student who plans to use the knowledge and edu-
cation that she has obtained in math and science and pursue a career in medicine;
a teacher who has dedicated his life to fueling students with a passion for science;
an administrator that strives to implement the best policies for educating Georgia’s
students; a professor who seeks to meet the future challenges by encouraging and
inspiring the best in science, math, and technology education for all students; and
a business leader who leverages Georgia’s research capabilities into economic devel-
opment results. Thank you and I look forward to hearing your testimony.

Mr. Davis.

Mr. DAVIS. Congressman Gingrey, it is certainly good to be here
in Georgia this morning. We drove down yesterday afternoon from
Pall Mall to Jamestown and then traveled Highway 127 to 111
which connects the southern part of Tennessee to the northern part
where I live. It is an Appalachian Highway. I live in the part of
Tennessee that we call Appalachia, and often times instead of ac-
cepting the words that they call us, being a ridgerunner or a hill-
billy or a redneck, we have coined a new phrase for those of us who
live there called being an Appalachian-American.

[Laughter.]
Mr. DAVIS. We have southeasterners and northeasterners and

midwesterners, so I assume if you live in the mountains of Ten-
nessee or Georgia, and it is the Appalachian Mountains, then we
have a heritage there that we should all be proud of. But included
in that heritage is a heritage in many cases of a lack of a public
education or of academic achievement, especially through the turn
of the last century and through the early part of the 20th century.
We are seeing changes being made now in each state, here in Geor-
gia as well as in Tennessee and many southern states, to recognize
that a good education brings about a good economy. I think because
of our public education, America today probably has the best econ-
omy of any country, in my opinion, throughout civilization. Edu-
cation has made a difference in all of us.

Thanks for having the hearing today, for allowing me to be a
part, for being here.
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Certainly I have had an opportunity to see two of my daughters
married off and I have those five grandchildren and I am not sure
exactly how the names came. Our first daughter, Lorissa, came as
a store-bought name from a book. The rest of them, Mrs. Davis just
liked them, so that is why we named them the names they have.
And our three daughters live, not in the same hometown, so I am
not sure why they started out with the A’s.

How many children do you have?
Mr. GINGREY. We have—is my mic on? I think we have—I know

we have——
[Laughter.]
Mr. GINGREY. —four children and three grandchildren.
[Laughter.]
Mr. DAVIS. I have you beat in the grandchildren line, as we call

them back home, those little tricycle motors. We have you beat
there, but we have three daughters. I commend you tomorrow on
the wedding that will occur. Is that the last one?

Mr. GINGREY. That is the last one for awhile, yes.
[Laughter.]
Mr. DAVIS. I guess we can get down to business then. I want to

thank you for inviting me. Certainly we are here today to discuss
how to fuel the high tech pipeline, how to improve math and
science education and how to promote better diversity among our
math and science students, graduates and post graduates and fac-
ulty.

I want to welcome those who are witnesses today, the students,
the teachers, the policy directors, administrators, all interested in
the future outlook of math and science education.

We have two major concerns that we will discuss today and those
who will give the testimony will allude to that. Performance of
schools in preparing students for careers in science and technology
being one of those.

The National Education Association recently released in the fall
of 2003 expenditures for students in public K through 12 schools.
Georgia ranked 18th, spending over $8000 per student, a 5.3 per-
cent increase from 2002. I am from Tennessee. Sadly we ranked
number 45 at $6048 expenditure per student per year, reflecting
only a 1.7 percent increase last year. Over 40 percent of the fresh-
men at public two-year colleges and 13 percent of private four-year
colleges are enrolled in remedial courses. Approximately 35 percent
of the companies provide remedial math education for their em-
ployees. Think about that a moment. They are hiring someone that
supposedly was trained in a certain discipline to work in a com-
pany and almost 35 percent of those in math have to have remedial
courses. This indicates that students are not being sufficiently pre-
pared in science and math.

Some serious demographics. This week Dr. Donald Nelson of MIT
released results from a survey of the top 50 departments in each
of 14 science and engineering disciplines as ranked by the National
Science Foundation according to research funds expended. This
comprehensive analysis of tenured and tenure track faculty shows
that females and minorities are significantly under-represented.
There are few tenured and tenure track women faculty in these de-
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partments and research universities even though a growing num-
ber of women are completing with their Ph.D.s.

Under-represented minority faculty. Women are almost non-
existent in science and engineering departments at research uni-
versities. In the computer science department surveys, there were
zero black, Hispanic or Native Americans tenured or tenure track
women faculty. The percentage of women who earn Bachelor de-
grees in science and engineering continues to increase, but they are
rapidly finding themselves without female faculty role models.
There are few female professors in science and engineering. The
percentage of women among full professors range from only 3 to 15
percent.

I live in an area that is close to Tennessee Tech. The Georgia
Tech folks probably recognize that school as being one of the better
technical schools in the southeast. Georgia Tech, most here in this
area would say, probably ranks number one. But certainly Ten-
nessee Tech, we would rank very close to that, especially in engi-
neering and in the sciences. We realize in our area, as you realize
here at Georgia Tech, that without the technical training it will be
extremely difficult to be competitive in what we will be calling a
high tech workforce in the future.

A math and science education is important to me. It is important
to my constituents in Tennessee in the Fourth District and it is ex-
tremely important to our nation as a whole if we are going to con-
tinue to remain competitive in the world. It has been said that edu-
cation lies at the heart of this Administration’s Invest in America’s
Future. The President is committed to education. How well our na-
tion prospers in the years ahead will depend in part on how well
we develop scientific and technical talent in our children.

For fiscal year 2002 the budget of the National Institutes of
Health, our nation’s primary funding mechanism of academic bio-
medical research, was increased by 14 percent; for fiscal year 2004
however, there will be likely only about a three to four percent in-
crease, in many cases maybe bringing biomedical programs to a
screeching halt. The math and physical sciences are even in more
dire straits. Without financial backing, the potential for growth in
these areas is limited.

How can we do more with less money and what is the solution?
Maybe we will hear that today. I know that much effort is under-
way in Georgia and throughout the Nation to improve K through
12 science and math education. I hope today the hearings will high-
light some of these efforts and will suggest ways to learn from and
expand the most promising ideals and approaches to education re-
form.

Again, I congratulate you, Chairman Gingrey, for calling this
hearing because there are few subjects of greater importance and
consideration of this subcommittee. We are fortunate to have wit-
nesses here today who have a broad range of experience and talent.
I certainly look forward to your testimony and your discussion.

I want to congratulate this high school—I see you are four per-
cent—within the top four percent in the Nation. I represent Camp-
bell County, so I feel at home. Livingston, Tennessee is on the way
to where I catch the plane to Nashville. So I feel like I am at home
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in Livingston, Tennessee or in Campbell County when I see these
names.

Thank you.
Mr. GINGREY. Congressman Davis, thank you very much.
[Applause.]
Mr. GINGREY. You know, in my opening remarks I commented

that we have a very bipartisan committee, and I want to say one
other thing. Those who might think that Republicans have a corner
on traditional family values obviously have not met Congressman
Lincoln Davis from Tennessee, who has been married, as I said
earlier, to his childhood sweetheart Linda for 40 years. He’s got
three children and five grandchildren and I think that’s a pretty
darned good record. So this morning I want to give Congressman
Davis a little memento from the great State of Georgia. This peach,
Congressman Davis, I know he might prefer a tobacco leaf.

[Applause.]
Mr. DAVIS. I can assure you as a youngster growing up, the farm

folks would have an old pickup truck or a ton and a half truck—
that is not a real heavy truck. It is not a tractor and trailer. They
would come down here and buy peaches and then barter them out
to the neighbors. The Georgia peach along about the first of Au-
gust—the Alberta I think is what they called them—was the best
freestone peach you could find in the world. So thank you for that.

Mr. GINGREY. Thank you again, Congressman Davis.
We will go ahead now—and I want to introduce to you our five

panelists who will be giving their testimony. Once again, I remind
all that their written remarks will be part of the permanent Con-
gressional Record of this full Science Committee hearing.

First of all, I want to introduce to you Ms. Rachel Purcell, who
obviously needs no introduction to the Campbell Spartans. She is
the valedictorian of the senior class and hopes to pursue a career
in veterinary medicine.

Next is Mr. Randy McClure. Again, Randy here at Campbell
needs no introduction. He is a teacher, and actually more than just
a teacher, the Chair of the Department of Science at Campbell
High School, which, by the way, has the prestigious International
Baccalaureate Program, the most rigorous academic program in the
Nation, if not the world, as it is an international program. I think
I am correct in saying this: We have that program also at Marietta
High School as part of that system. This is the only venue of maybe
14 high schools in the Cobb County system that has the Inter-
national Baccalaureate Program. I know teachers like Mr. McClure
are very proud of that fact.

Mr. Martez Hill is the Policy director for the Georgia Department
of Education, working very, very closely with our State School Su-
perintendent Kathy Cox. Prior to coming to the Department Mr.
Hill worked as an analyst in the Governor’s Office of Planning and
Budget. I guess he decided that that was a little rough these last
two years and maybe the work with the Department of Education
could be a little more fulfilling. I know it has been a tough time
not only in the State of Georgia with the budget crunch but every-
where else in the Nation. He received his Bachelors degree in polit-
ical science and his masters degree in public policy from prestigious
Emory University.
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And then Dr. Paul Ohme is the Director for the Center for Edu-
cation in Science, Mathematics and Computing—the acronym is
CEISMC—at my alma mater, Georgia Institute of Technology. Lin-
coln, I should have brought you a hat. Prior to joining CEISMC,
Dr. Ohme served as the Associate Vice President for Academic Af-
fairs and the head of the Department of Computer Science at
Northwestern Louisiana University. Dr. Ohme also taught mathe-
matics and computer science at various colleges and universities,
including—and I know Congressman Davis is not going to want to
hear this—Clemson. Did anybody watch the Peach Bowl?

Mr. DAVIS. I did not.
[Laughter.]
Mr. GINGREY. Congressman Davis said he did not.
[Laughter.]
Mr. GINGREY. He wants to know when is it going to be played.
[Laughter.]
Mr. GINGREY. Clemson, Mississippi, Franklin and Marshall.
And then finally Mr. Michael Cassidy, the President of the Geor-

gia Research Alliance. Before joining the Alliance Mr. Cassidy
managed the Advanced Technology Development Center, ATDC,
based at again, Georgia Institute of Technology, one of the Nation’s
oldest technology incubators. He also worked for IBM where he
held various staff and management positions. In addition to his
work at the Alliance, Mr. Cassidy consults with several states on
issues of science and technology policy, and he represents Georgia
on the Southern Technology Council and the Southern Governors’
Association Advisory Committee on research, development and
technology.

We have a great list of participants on this committee and I look
forward to their testimony. We will start with Ms. Rachel Purcell.
Rachel.

[Applause.]

STATEMENT OF RACHEL PURCELL, VALEDICTORIAN, CLASS
OF 2004, CAMPBELL HIGH SCHOOL, SMYRNA, GEORGIA

Ms. PURCELL. Mr. Chairman and esteemed Members of the Com-
mittee, I would like to thank you for allowing me to speak today.
My name is Rachel Purcell and I am a senior in the International
Baccalaureate Program here at Campbell High School. I have at-
tended school in the Cobb County School District since kinder-
garten. The IB program is a magnet school and pulls from all of
Cobb County, however, I currently reside in the Campbell High
School District.

I have always been a curious individual and math and science
have provided a means with which to satisfy my curiosity. The per-
son who sparked my interest in both math and science was my
fifth grade teacher. That year, I began to look forward to the after-
noon time that was designated for science. In this class, we were
expected to create many projects, including a wind-powered model
car, an invention of our own design that we could actually use in
our daily lives; and a task that I spent the majority of the year
dreading, we dissected a cow’s eye.

Looking back on these and other various projects which were
completed at a time when lab write-ups and data charts were not
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necessary, I realize that I truly enjoyed the exposure to exploring
the world around me. I became more interested in how and why
things are the way they are because I was given an opportunity
early in life to do more than read a science textbook and actually
have some hands on experience being a scientist. I believe that this
early opportunity to explore, without the complications of a larger
high school class or the grade pressure of GPAs, led me to enjoy
science at a younger age and that my positive attitude toward it
has continued to affect my high school endeavors.

As I entered high school I was already on an advanced math
track, having taken Algebra 1 and geometry before ninth grade.
This advancement kept me interested and made it easier for me to
reach the more advanced levels of math offered in my school while
still only taking one semester of math a year. In my science cur-
riculum, I was given the opportunity to take biology, physics and
chemistry before I entered my junior year as part of my enrollment
in the International Baccalaureate Program. Having a basic back-
ground in these three areas has made each successive science class
easier and more enjoyable because the curriculums inevitably over-
lapped. These classes also gave me enough exposure to all three
areas of science to allow me to make an educated decision when it
was time to choose the area I would concentrate on in my junior
and senior years of the IB program.

I found all these classes, both math and science, to be most en-
joyable when I learned something and was then shown where the
principle or concept affected my everyday life. I also found that
open-ended labs, a standard part of the IB curriculum, in which we
design and plan our own experiments, teach me more than those
which are dictated by a teacher. Although they are generally more
work for me as a student, I find them more enjoyable and satis-
fying because I feel that I have truly accomplished something when
I am able to draw conclusions from my work.

In considering my future endeavors and career plans, I am not
entirely sure what I want to pursue. I am currently considering a
career in veterinary medicine. My interest in this area arises not
only from the fact that I have always loved animals, but also from
the fact that I feel medicine is one of the most practical and least
abstract applications of my scientific knowledge. In the medical
field, I will be able to use my strong scientific and mathematical
background and also pursue a career that allows me to interact
with and directly improve the lives of other people. The immediate
and concrete applications of medical knowledge make it more at-
tractive, applicable and interesting to me. However, even if my ca-
reer plans change as I move through college, having a basis in all
three major sciences at a high school level and having taken ad-
vanced levels of both biology and physics will provide a solid back-
ground for whatever I choose to do.

In conclusion, I feel that my own interest in math and science
exists because I was exposed to them in a hands-on way as a
younger child, and that having a basic exposure to more than one
type of science has contributed to my success at more advanced lev-
els. I believe that interest in the more advanced math and science
classes offered in high school and college can be generated and aug-
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mented by exposing younger kids to the more enjoyable aspects of
both math and science.

Thank you.
[Applause.]
[The prepared statement of Ms. Purcell follows:]

PREPARED STATEMENT OF RACHEL PURCELL

Mr. Chairman and esteemed Members of the Committee, I would like to thank
you for allowing me to speak today. My name is Rachel Purcell and I am a senior
in the International Baccalaureate Program here at Campbell High School. I have
attended school in the Cobb County School District since kindergarten. The IB pro-
gram is a magnet school and pulls from all of Cobb County, however, I currently
reside in the Campbell High School district.

I have always been a curious individual and math and science have provided a
means with which to satisfy my curiosity. The person who sparked my interest in
both math and science was my fifth grade teacher. That year, I began to look for-
ward to the afternoon time that was designated for science. In this class, we were
expected to create many projects, including a wind powered model car, an invention
of our own design that we could actually use in our daily lives, and a task that I
spent the majority of the year dreading: we dissected a cow’s eye.

Looking back on these and other various projects, which were completed at a time
when lab write-ups and data charts were not necessary, I realize that I truly en-
joyed the exposure to exploring the world around me. I became more interested in
how and why things are the way they are because I was given an opportunity early
in life to do more than read a science textbook and actually have some hands on
experience being a ‘‘scientist.’’ I believe that this early opportunity to explore, with-
out the complications of a larger high school class or the grade pressure of GPAs,
led me to enjoy science at a younger age and that my positive attitude toward it
has continued to effect my high school endeavors.

As I entered high school I was already on an advanced math track, having taken
Algebra I and Geometry before ninth grade. This advancement kept me interested
and made it easier for me to reach the more advanced levels of math offered in my
school while still only take one semester of math a year. In my science curriculum,
I was given the opportunity to take biology, physics, and chemistry before I entered
my junior year as part of my enrollment in the International Baccalaureate Pro-
gram. Having a basic background in these three areas has made each successive
science class easier and more enjoyable because the curriculums inevitably over-
lapped. These classes also gave me enough exposure to all three areas of science to
allow me to make an educated decision when it was time to choose the area I would
concentrate on in my junior and senior years of the IB program.

I found all these classes, both math and science, to be most enjoyable when I
learned something and was then shown where the principle or concept affected my
everyday life. I also found that open-ended labs, a standard part of the IB cur-
riculum, in which we design and plan our own experiments, teach me more than
those which are dictated by a teacher. Although they are generally more work for
me as a student, I find them more enjoyable and satisfying because I feel that I
have truly accomplished something when I am able to draw conclusions from my
work.

In considering my future endeavors and career plans, I am not entirely sure what
I want to pursue. I am currently considering a career in veterinary medicine. My
interest in this area arises not only from the fact that I have always loved animals
but also from the fact that I feel medicine is one of the most practical and least
abstract applications of my scientific knowledge. In the medical field, I will be able
to use my strong scientific and mathematical background and also pursue a career
that allows me to interact with and directly improve the lives of other people. The
immediate and concrete applications of medical knowledge make it more attractive,
applicable, and interesting to me. However, even if my career plans change as I
move through college, having a basis in all three major sciences at a high school
level, and having taken advanced levels of both biology and physics will provide a
solid background for whatever I choose to do.

In conclusion, I feel that my own interest in math and science exists because I
was exposed to them in a hands-on way as a younger child, and that having a basic
exposure to more than one type of science has contributed to my success at more
advanced levels. I believe that interest in the more advanced math and science
classes offered in high school and college can be generated and augmented by expos-
ing younger kids to the more enjoyable aspects of both math and science.

VerDate 11-MAY-2000 18:21 Mar 26, 2004 Jkt 091364 PO 00000 Frm 00021 Fmt 6633 Sfmt 6621 C:\WORKD\FULL04\012304A\91364 SCIENCE1 PsN: SCIENCE1



18

BIOGRAPHY FOR RACHEL PURCHELL

Rachel Purcell is currently a senior in the International Baccalaureate Program
at Campbell High School in Smyrna, Georgia. She resides in the Campbell High
School district and attended King Springs Elementary School and Griffin Middle
School before moving on to Campbell. Rachel is currently ranked to graduate as val-
edictorian of the senior class and is a semi-finalist in the National Merit Scholar-
ship.

Throughout high school Rachel has participated in various activities. This year
she was co-captain of Campbell’s Varsity Slow-pitch Softball team and is currently
co-president of her church’s eighty-member youth choir. She is an active member of
her school’s drama club and theatre productions. Rachel also enjoys playing the
piano and has been certified by the state level piano guild.

Mr. GINGREY. Thank you, Rachel.
We will next hear from Mr. Randy McClure.

STATEMENT OF RANDY O. MCCLURE, TEACHER AND DEPART-
MENT CHAIR FOR SCIENCE, CAMPBELL HIGH SCHOOL,
SMYRNA, GEORGIA

Mr. MCCLURE. Mr. Chairman, based on my involvement with
science education over the past 18 years at the State level, I believe
that we have not quite had the opportunity to really follow science
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projects to their end. In science we develop laws and concepts that
serve as our guiding tenets based on our ability to test things and
get data from multiple trials in various places under the same con-
ditions. Unfortunately, we do not always get the chance to produce
data or even accumulate enough data to really see what impact our
efforts have had.

I believe I can say with all confidence that no true secondary
science teacher minds at all being asked to deliver the constantly
changing information that is being developed in the many fields of
science. Especially included in that idea is the fact that many
teachers love the opportunities presented by the infusion of new
technologies that ought to allow greater achievement by elimi-
nating some menial aspects of science discovery. For example, it is
certainly more beneficial for a chemistry student working on deter-
mining the pH levels of materials, to be able to use probes that can
make those determinations to two significant digits rather than re-
lying on indicator paper to turn pink or blue and then guessing
about the actual pH level. The students who can use the probes
would be light years ahead of those still using indicator paper.

Some of the reasons for stating such marked differences in tech-
niques to achieve similar opportunities to collect data are as fol-
lows: Probe data collection can be pinpointed and graphed by that
probe. That information can then be transferred into a PowerPoint
presentation so that students could compare results and observe
data changes while making incredible analyses of their data. Those
students with the indicator paper would be unable to get to the
deeper inquiry into the laboratory assignment because of the in-
flexibility of the materials employed.

Herein lies the great dichotomy of science education and in par-
ticular how it is affected by technology. Until there are no areas
where students are still relying on outdated methods in science
classes across our state and country, the potential for some of our
brightest and most gifted future scientists, engineers and those
who would aspire to high-tech careers will be at best hindered and
in many cases simply stymied because of the lack of access to the
latest materials.

Teachers must be able to constantly receive training in methods
that are cutting edge. The roadblocks to this training should be
eliminated. It should be easy for certified teachers to gain access
to top notch universities during summers or during the school year
to constantly make themselves aware of the cutting edge applica-
tions of the concepts taught in some basic science classes. From the
prototype glasses that can allow one to translate one language into
another by simply putting on the glasses to the pill that cannot
only alert parents of pregnancy, but allow them to know if their off-
spring will be predisposed to over 3000 diseases or disorders, these
types of discoveries and more must be made available to today’s
science teacher and the technology commensurate with these devel-
opments in order to make an indelible impact on aspiring scientific
students.

We can spark greater interest in science by not allowing the ma-
terials we use to be outdated by the fast developing fields that the
students are being introduced to. Again, the analogy would serve
well if we considered students eager to learn about boating who
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were introduced to boating through different vehicles. One group
receives an old rowboat, while another group receives the latest in-
board motorboat with depth finders and weather monitors. Both
could get to certain destinations, but surely those who have the ad-
vantages of more sophisticated instruments could advance further
and quicker to the point of interest. Also, since some of the menial
navigation duties could be eliminated and the mode of operation by
powering the boat rather than oars, the students with the updated
boat would be able to make greater observations during the course
of their trip.

From the beginning of kindergarten, students come to us with in-
quisitive minds. What we do with them makes all the difference in
the world. For example, at Russell Elementary here in Cobb Coun-
ty, elementary students work all year long with computers to meet
their annual NASA simulated launch date in May. Many hours
after school and ongoing assignments are completed so students
can track the path of their space shuttle, choose alternate launch
sites if the weather is bad, monitor every aspect of the shuttle’s se-
curity and maintenance during the trip and determine where it
lands upon its return. This happens in the fifth grade and there
is a great partnership between the community, school, staff and
parents. But if your child does not attend Russell Elementary or
have Mr. Chris Laster as their science teacher, he or she may not
have that wonderfully inspiring experience.

As students leave elementary schools and go on to middle schools
and high schools, there should be some comparable programs that
allow for exciting experiences that will cause them to want to be
involved in more science. Again, depending on where they are and
what they are exposed to, this may or may not happen.

Perhaps we should allow our classrooms to become more inquiry
based and less test oriented so that many of our tried and true best
practices could take effect and give us an opportunity to collect
some data to really examine our results. No one minds account-
ability, but perhaps we have moved so much to testing that we
have left no real time for creating atmospheres that will inspire
and generate interest in science fields.

The challenges of teaching science are complex. First, due to the
advances that are vastly changing the field of science the cur-
riculum has to be more accountable in that it addresses what we
want students to know and eliminates trivial pursuits posing as
standardized tests with little relevance to the emerging high-tech
world.

Secondly, students must be given the opportunity to learn with-
out the constant impending threat of evaluation that covers too
much and are not markers of accountability but instead simply in-
dicate a lack of continuity between theoretical and practical appli-
cations of science education. Also, parents must be mentioned in
the equation for success in creating science and high-tech career
candidates for our economy. Teachers are constantly reminded of
all their shortcomings but rarely does anyone challenge parents to
do their part in helping to make sure that their child is successful
in the science world.

As a student at Morehouse College, when I found myself stuck
with problems in my organic chemistry classes or advanced bio-
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chemistry classes, I would call home to my great-grandmother, who
raised me, for help, and she was able to give me what I needed to
complete my task. She only had a seventh grade education, yet she
saw to it that my three younger brothers and I not only attended
college but graduated with three of the four us being in science and
technology related fields. Sometimes parents shy away because
they may be unfamiliar or uncomfortable with technological ad-
vances. As a teacher and as living proof, I would like for someone
to really hold parents accountable in a nonvoting type way so that
they realize the real significance of their presence in their child’s
science education. Even if they have to learn some things with
their child, it would be important for them to make that effort over
and over again. Perhaps schools will also have to have science
classes for parents to make sure that the message gets across.
Businesses, the community and our government could really help
in that regard. Also, if those three groups would make direct con-
tact with science classrooms so that the red tape that sometimes
hinders great ideas could be eliminated, we could make tremen-
dous strides toward progress.

Finally, in closing, Mr. Chairman, I would respectfully request
that you remember that every time new marching orders are
passed down from our leaders, there are some teachers in science
education who enact those orders, even if they are in the second
or third years of previous marching orders. Not unlike the brave
men and women of our country who are sworn to protect our flag
and our way of life, there are those, I believe, who have been called
to deliver science instruction to the students of our country. They
attempt to complete this task regardless of all the variables that
could affect their ability to complete that task. While we would all
agree, and most work constantly to do just that, we do need those
sending down our new marching orders to know that we need to
have the broad support of parents, businesses, the many commu-
nities and yes, our government if we are to continue to be the
world’s envy of technology and its future development.

[The prepared statement of Mr. McClure follows:]

PREPARED STATEMENT OF RANDY O. MCCLURE

Mr. Chairman,
Based on my involvement with Science education over the past 18 years at the

State level, I believe we have not quite had the opportunity to really follow Science
projects to their end. In Science we develop laws and concepts that serve as out
guiding tenets based on our ability to test things and get data from multiple trials
in various places under the same conditions. Unfortunately, we don’t always get the
chance to produce data or even accumulate enough data to really see what impact
our efforts have had. I believe I could say with all confidence that no true secondary
science teacher minds at all being asked to deliver the constantly changing informa-
tion that is being developed in the many fields of Science. Especially included in
that idea is the fact that many teachers love the opportunities presented by the in-
fusion of new technologies that ought to allow greater achievement by eliminating
some menial aspects of Science discovery. For example, it is certainly more bene-
ficial for a chemistry student working on determining the pH levels of materials,
to be able to use probes that can make those determinants to two significant digits
rather than relying on indicator paper to turn pink or blue and then guessing about
the actual pH level. The students who can use the probes would be light years
ahead of those still using indicator paper. Some of the reasons for stating such
marked differences in techniques to achieve similar opportunities to collect data are
as follows: Probe data collection can be pinpointed and graphed by the probe. That
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information can then be transferred into a PowerPoint presentation so that students
could compare results and observe data changes while making incredible analyses
of their data. Those students with the indicator paper would be unable to get to
deeper inquiry into the laboratory assignment because of the inflexibility of the ma-
terials employed.

Herein lies the great dichotomy of Science education and in particular how it is
affected by technology. Until there are no areas where students are still relying on
outdated methods in Science classes across our state and country, the potential for
some of our brightest and most gifted future scientists, engineers, and those who
would aspire to high-tech careers, will be at best hindered and in many cases, sim-
ply stymied because of the lack of access to the latest materials.

Teachers must be able to constantly receive training in methods that are cutting
edge. The roadblocks to this training should be eliminated. It should be easy for cer-
tified teachers to gain access to top-notch universities during summers or during the
school; to constantly make themselves aware of the cutting edge applications of the
concepts taught in basic Science classes. From the prototype glasses that can allow
one to translate one language into another one simply by putting on the glasses to
the pill that cannot only alert parents of pregnancy determination but even allow
them to know if their offspring would be predisposed to over 3000 diseases or dis-
orders. These types of discoveries and more must be made available to today’s
Science teacher and the technology commensurate with these developments in order
to make an indelible impact on aspiring scientific students.

We can spark greater interest in Science by not allowing the materials we use
to be outdated by the fast developing fields that the students are being introduced
to. Again, the analogy would serve well if we considered students, eager to learn
about boating, who were introduced to boating through different vehicles. One group
receives an old rowboat, while another group receives the latest inboard motorboat
with depth finders and weather monitors. Both could get to certain destinations, but
surely those who have the advantages of the more sophisticated instruments could
advance further and quicker to the point of interest. Also, since some the menial
navigation duties could be eliminated and the mode of operation power by motor
rather than oars, the students with the updated boat would be able to make greater
observations during the course of their trip.

From the beginning of kindergarten, students come to us with inquisitive minds.
What we do with them makes all the difference in the world. For example, at Rus-
sell Elementary School here in Cobb County, elementary students work all year long
with computers to meet their annual NASA simulated launch date in May. Many
hours after school and ongoing assignments are completed so students can track the
path of their space shuttle, choose alternate launch sites if the weather is bad, mon-
itor every aspect of the shuttle’s security and maintenance during the trip, and de-
termine where it lands upon its return. This happens in the 5th grade and there
is a great partnership between the community, school staff, and parents. But if your
child does not attend Russell Elementary or have Mr. Chris Laster as their Science
teacher, he or she may not have that wonderfully, inspiring experience.

As students leave elementary schools and go on to middle schools and high
schools, there should be some comparable programs that allow for exciting experi-
ences that will cause them to want to be involved in more science. Again, depending
on where they are and what they are exposed to, this may or may not happen!

Perhaps we should allow our classrooms to become more inquiry based and less
test oriented so that many our tried and true best practices could take effect and
give us an opportunity to collect some data to really examine our results. No one
minds accountability, but perhaps we have moved so much to testing that we have
left no real time for creating atmospheres that will inspire and generate interest in
science fields.

The challenges of teaching science are complex. First, due to the advances that
are vastly changing the field of science, the curriculum has to more accountable in
that it addresses what we want students to know and eliminates trivial pursuits
posing as standardized tests with little relevance to the emerging high-tech world!
Secondly, students must be given the opportunity to learn without the constant im-
pending threat of evaluation that covers too much and are not markers of account-
ability but instead simply indicate a lack of continuity between theoretical and prac-
tical applications of science education. Also, parents must the mentioned in the
equation for success in creating science and high-tech career candidates for our
economy. Teachers are constantly reminded of all their shortcomings but rarely does
anyone really challenge parents to do their part to help make sure their child is suc-
cessful in the science world.

As a student of Morehouse College, when I found myself stuck with problems in
my Organic Chemistry classes or Advanced Biochemistry classes, I would call home
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to my great-grandmother, who raised me, for help, and she was able to give me
what I needed to complete my task. She only had a 7th grade education, yet she
saw to it that my three younger brothers and I not only attended college but grad-
uated with three of the four being in science and technology related fields. Some-
times parents shy away because they may be unfamiliar or uncomfortable with tech-
nological advances. As a teacher and as living proof, I would like for someone to
really hold parents accountable in a nonvoting type way so they realize the real sig-
nificance of their presence in their child’s science education. Even if they have to
learn some things with their child, it would be important for them to make that ef-
fort over and over again. Perhaps schools will also have to have science classes for
parents to make sure the message gets across. Businesses, the community, and our
government could really help in that regard. Also, if those three groups would make
direct contact with science classrooms so the red tape that sometimes hinders great
ideas could be eliminated, we could make tremendous strides towards progress.

Finally, in closing Mr. Chairman, I would respectfully request that you remember
every time new ‘‘marching orders’’ are passed down from our leaders, there are some
teachers in science education who enact those orders, even if they are in the second
or third years of previous marching orders. Not unlike the brave men and women
of our country who have sworn to protect our flag and our way of life, there are
those, I believe, who have been ‘‘called’’ to deliver science instruction to the students
of our country. They attempt to complete this task regardless of all the variables
that could affect their ability to complete that task. While we all would agree, and
most work constantly to do just that, we do need for those sending down our new
‘‘marching orders’’ to know that we need to have the broad support of parents, busi-
nesses, the many communities, and yes, our government, if we are to continue to
be the world’s envy of technology and its future development.

BIOGRAPHY FOR RANDY O. MCCLURE

Teacher and Science Department Chair at Campbell High School

18-year teacher

1995–1996—Teacher of the Year at Campbell High School

1995–1996—Coach of the Year—Basketball, Marietta Daily Journal

1990—Martin Luther King, Jr. Humanitarian Award recipient

1995–1996–1997—Who’s Who Among American High School Teachers

1996 Olympic Torch Bearer
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Mr. GINGREY. Thank you, Mr. McClure.
[Applause.]
Mr. GINGREY. We will now hear from Mr. Martez Hill.

STATEMENT OF J. MARTEZ HILL, POLICY DIRECTOR, GEORGIA
DEPARTMENT OF EDUCATION

Mr. HILL. Mr. Chairman, on behalf of the State Superintendent
of Schools, Kathy Cox, first I want to thank you for the opportunity
to testify to the Committee on Science today. I also want to thank
you and the other members of the Committee for your continued
support for science and math education through the National
Science Foundation. My name is Martez Hill. Currently, I serve as
the Policy Director for the Georgia Department of Education.

Earlier this month, Superintendent Cox joined President Bush
and Secretary Paige in Knoxville, Tennessee to commemorate the
second anniversary of the No Child Left Behind Act of 2001, also
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known as NCLB. Superintendent Cox was the sole chief state
school officer invited to take part in the landmark event. Super-
intendent Cox truly believes in the underlying principles of the
NCLB legislation and the goal of ensuring all students are per-
forming at grade level in reading and math by 2013 and 2014.

Even prior to the enactment of No Child Left Behind, Georgia
was a leader in building a foundation of accountability to improve
student achievement. Georgia law required criterion referenced as-
sessments for math, science, reading/language arts and social stud-
ies embraced [in grades] three through eight and district report
cards, disaggregation of student data by subgroup, consequences
and rewards and incentives to raise teacher quality through pro-
grams like National Board Certification.

Georgia has diligently moved to raise student achievement levels
across the curriculum for several years. In part, the state was
spurred by results from assessments from the 2000 National As-
sessment of Educational Progress which showed that our students
were not learning to their full potential in both science and mathe-
matics. Georgia’s economy is inextricably linked to the education of
its citizenry and the quality of its schools, so the continued growth
of Georgia’s high tech job market and its overall economy is linked
to the state’s efforts to lead the Nation in improving student
achievement.

With that in mind, let me briefly highlight three state pre K
through 16 initiatives involving partnerships between the Georgia
Department of Education, the Board of Regents and local school
systems which are designed to increase math and science achieve-
ment. I also want to talk about a research study designed to meas-
ure No Child Left Behind’s impact on math and science achieve-
ment. These partnerships and research study align with Super-
intendent Cox’s efforts to strengthen Georgia’s performance stand-
ards that will drive both instruction and assessment for Georgia’s
teachers and students.

As we work to lead the Nation in improving student achieve-
ment, the Georgia Performance Standards will be the foundation
upon which we build. Our teachers have long needed a published
and usable document that establishes high standards, maintains
clear expectations and provides specific guidelines for facilitating
student learning at a deeper level than possible under the old
Quality Core Curriculum. We have drawn on national and inter-
national best practices to produce a curriculum that will enable our
schools and students to achieve at levels that will place Georgia not
just at the top of the southeast, but at the top of the Nation and
the world. The number of math and science contents standards has
been trimmed down to give students the opportunity to achieve
mathematical and scientific literacy through deeper study. With
fewer topics, teachers will be able to go deeper into appropriate ma-
terial and increase the overall rigor and expectation of each grade
level and course. In the past, there has been too much material for
students to have the opportunity to master key concepts.

The Georgia Performance Standards, as well as explanatory vid-
eos and presentations describing the major changes in each content
area are available at the Georgia Department of Education’s
website at www.doe.k12.ga.us. I will say that again,
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www.doe.k12.ga.us. We have asked the public to provide feedback
on the curriculum. We will use the comments as we make final re-
visions to the curriculum document which will be presented to the
State Board of Education for approval in May and implemented
this fall.

In Georgia the mathematics and science partnership activities
support partnerships between high-need K–12 schools and depart-
ments of engineering, mathematics and science in institutions of
higher education and other stakeholders. MSP activities—mathe-
matics and science partnership activities—are aligned with the
State’s performance standards for science and math and are class-
room focused in order to produce a measurable improvement in stu-
dent academic achievement in mathematics and science. One of the
most important indicators of student achievement, of course, is
teacher quality. To lead the Nation again in improving student
achievement, each classroom must have an effective teacher. To-
ward this end, Georgia’s math and science partnership activities
are focused on recruiting, training and retaining the best and
brightest math and science teachers at the middle school level.

In September 2003, the Georgia Partnership for Reform in
Science and Math, also known as PRISM, was awarded a $34.6
million grant from the National Science Foundation. PRISM’s over-
arching goal is to raise academic achievement and close the per-
formance gaps among Georgia’s students in science and math.
PRISM will directly impact 170,000 students and more than 10,000
teachers in Georgia. In addition, the project will involve over 550
college and university faculty from the University System of Geor-
gia institutions. Similar to the Math and Science Partnership pro-
gram, PRISM supports professional learning activities for pre K
through 12 and higher education faculty and provides a mechanism
for P–16 collaboration in the revision of Georgia’s performance
standards in math and science.

Georgia has agreed to participate in a four-year study beginning
in this current school year, 2003/2004, by RAND, a not-for-profit
public policy research organization. The RAND study focuses on
the impact of accountability on mathematics and science instruc-
tion and student achievement in elementary and middle schools.
This research project is funded by the National Science Foundation
and will include interviews, surveys and case studies from 25 local
school systems across the State. At the end of each year, RAND
will provide a summative report of its findings to the State and
participating local school systems and a final report at the end of
the project. Georgia is one of only three states included in this na-
tional research project. We believe the results will be important to
educators in Georgia.

No Child Left Behind, as you all know, requires a minimum 95
percent participation rate on state assessments for all subgroups
enrolled in a school and school system in order for the school and
the system to meet adequate yearly progress. Many of Georgia’s
high schools failed to make AYP, adequate yearly progress, in 2003
because of poor student attendance during the administration of
the state assessments. The Georgia Department of Education has
created a student attendance task force comprised of representa-
tives from local school systems, schools, state and juvenile court
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systems, local law enforcement, family and children agencies and
other community stakeholders to develop state and local programs
and processes to prevent and stop truancy and student absentee-
ism.

The convergence of the rewriting of the State’s curriculum, the
Math and Science Partnership, the PRISM grant, the RAND study
of Georgia’s implementation of No Child Left Behind and the work
of the student attendance task force will create substantive im-
provement in Georgia’s math and science education.

Again, thank you for the opportunity to testify today. I will be
more than happy to answer questions.

[Applause.]
[The prepared statement of Mr. Hill follows:]

PREPARED STATEMENT OF J. MARTEZ HILL

Mr. Chairman, on behalf of State Superintendent of Schools Kathy Cox, first I
want to thank you for the opportunity to testify to the Committee on Science today.
I also want to thank you and the other Members of the Committee for your contin-
ued support for science and math education funding through the National Science
Foundation. My name is Martez Hill. Currently, I serve as the Policy Director for
the Georgia Department of Education.

Earlier this month, Superintendent Cox joined President Bush and Secretary
Paige in Knoxville, Tennessee to commemorate the second anniversary of the No
Child Left Behind Act of 2001 (NCLB). Superintendent Cox was the sole chief state
school officer invited to take part in the landmark event. Superintendent Cox truly
believes in the underlying principles of the legislation and the goal of ensuring all
students are performing at grade level in reading and math by 2013–2014.

Even prior to the enactment of NCLB, Georgia was a leader in building a founda-
tion of accountability to improve student achievement. Georgia law required cri-
terion reference assessments for math, science, reading/language arts, and social
studies in grades 3–8, State and district report cards, the disaggregation of student
data by subgroup, consequences and rewards, and incentives to raise teacher quality
through programs like National Board Certification.

Georgia has diligently moved to raise student achievement levels across the cur-
riculum for several years. In part, the State was spurred by results from assess-
ments like the 2000 National Assessment of Educational Progress (NAEP) which
showed that our students were not learning to their full potential in both science
and mathematics. Georgia’s economy is inextricably linked to the education of its
citizenry and the quality of its schools, so the continued growth of Georgia’s high
tech job market and its overall economy is linked to the State’s efforts to lead the
Nation in improving student achievement.
Georgia’s P–16 Initiatives

With that in mind, let me briefly highlight three state P–16 initiatives involving
partnerships between the Georgia Department of Education, the Board of Regents,
and local school systems designed to increase math and science achievement and a
research study designed to measure NCLB’s impact on math and science achieve-
ment. These partnerships and research study align with and support Super-
intendent Cox’s efforts to strengthen Georgia Performance Standards that will drive
both instruction and assessment for Georgia’s teachers and students.
World Class Performance Standards

As we work to lead the Nation in improving student achievement, the Georgia
Performance Standards will be the foundation upon which we build. Our teachers
have long needed a published and usable document that establishes high standards,
maintains clear expectations, and provides specific guidelines for facilitating student
learning at a deeper level than possible under the old Quality Core Curriculum. We
have drawn on national and international best practices to produce a curriculum
that will enable our schools and students to achieve at levels that will place Georgia
not just at the top of the southeast, but at the top of the Nation and the world.

The number of math and science content standards have been trimmed down to
give students the opportunity to achieve mathematical and scientific literacy
through deeper study. With fewer topics, teachers will be able to go deeper in appro-
priate material and increase the overall rigor and expectation of each grade level
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and course. In the past, there has been too much material for students to have the
opportunity to master key concepts.

The Georgia Performance Standards, as well as explanatory videos and streaming
webcast presentations describing the major changes in each content area, are avail-
able at the Georgia Department of Education’s website www.doe.k12.ga.us. We have
asked the public to provide feedback on the curriculum. We will use the comments
as we make final revisions to the document, which will be presented to the State
Board of Education for approval in May and implemented this fall.
Mathematics and Science Partnership Program

In Georgia, the Mathematics and Science Partnership Program (MSP) activities
support partnerships between high-need K–12 schools and departments of engineer-
ing, mathematics, and science in institutions of higher education and other stake-
holders. MSP activities are aligned with the State’s performance standards for
science and math and are classroom focused, in order to produce a measurable im-
provement in student academic achievement in mathematics and science. One of the
most important indicators of student achievement is teacher quality. To lead the
Nation in improving student achievement, each classroom must have an effective
teacher. Towards this end, Georgia’s MSP activities focus on recruiting, training,
and retaining the best and brightest math and science teachers at the middle school
level.
Partnership for Reform in Science and Mathematics

In September of 2003, the Georgia Partnership for Reform in Science and Mathe-
matics (PRISM) was awarded a $34.6 million grant from the National Science Foun-
dation (NSF). PRISM’s overarching goal is to raise achievement levels and close the
performance gaps among Georgia’s students in science and mathematics. PRISM
will directly impact 170,000 students and more than 10,000 teachers in Georgia. In
addition, the project will involve over 550 college and university faculty from the
partner University System of Georgia institutions. Similar to the Math and Science
Partnership program, PRISM supports professional learning activities for P–12 and
higher education faculty and provides a mechanism for P–16 collaboration in the re-
vision of Georgia’s Performance Standards in math and science.
RAND Study of Standards-Based Accountability

Georgia has agreed to participate in a four-year study beginning in school year
2003–2004 by RAND, a not-for-profit public policy research organization. The RAND
study focuses on the impact of accountability on mathematics and science instruc-
tion and student achievement in elementary and middle schools. This research
project is funded by the National Science Foundation and will include interviews,
surveys, and case studies from 25 local school systems across the State. At the end
of each year, RAND will provide a summative report of its findings to the State and
the participating local school systems, and a final report at the end of the project.
Georgia is one of only three states included in this national research project, and
we believe the results will be important to educators in Georgia.
Reducing Dropouts

NCLB requires a minimum 95 percent participation rate on State assessments for
all subgroups enrolled in a school and school system in order for the school and sys-
tem to met Adequate Yearly Progress (AYP). Many of Georgia’s high schools failed
to make AYP in 2003 because of poor student attendance during the administration
of the State assessments. The Georgia Department of Education has created a Stu-
dent Attendance Task Force comprised of representatives from local school systems,
schools, the State juvenile court system, local law enforcement, family and children
agencies, and other community stakeholders to develop State and local programs
and processes to stop and prevent truancy and student absenteeism.

The convergence of the rewriting of the State’s curriculum, the Math and Science
Partnership, the PRISM grant, RAND’s study of Georgia’s implementation of NCLB,
and the work of the Student Attendance task force will create substantive improve-
ment in Georgia’s math and science education.

Again, thank you for the opportunity to testify today. I would be pleased to an-
swer any questions you may have.

BIOGRAPHY FOR J. MARTEZ HILL

J. Martez Hill is a native Georgian and graduated from Emory University in 1993
with a Bachelor of Arts in Political Science. He graduated from Duke University in
1996 with a Master of Public Policy. From 1997 to 2003, he worked as an analyst
in the Georgia Governor’s Office of Planning and Budget. In January 2003, Georgia
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State Superintendent of Schools Kathy Cox hired Mr. Hill as the Policy Director for
the Georgia Department of Education.
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Mr. GINGREY. Thank you, Mr. Hill.
Next we will hear from Dr. Ohme.

STATEMENT OF DR. PAUL OHME, DIRECTOR, CENTER FOR
EDUCATION INTEGRATING SCIENCE, MATHEMATICS AND
COMPUTING (CEISMC), GEORGIA INSTITUTE OF TECH-
NOLOGY

Dr. OHME. Honorable Representatives Gingrey and Davis and
members of the staff and other citizens present, thank you for the
opportunity to appear before you to address how elementary, sec-
ondary and post secondary mathematics and science education is
critical to innovative scientific research and to our high tech econ-
omy.

It is my premise that the single most important step that the
Federal Government should take to improve K–12 mathematics
and science is to create and support an unequivocal expectation
that all children can and will learn mathematics and science at a
high level. By high level, I mean that the academic program of
study that every high school graduate completes should be one of
opening doors to all possibilities.

How can this high level of access to mathematics and science be
achieved for every student? By providing a highly qualified teacher
in every classroom and not just paper credentials, a content rich,
conceptually based curriculum and learning resources.

In order to have highly qualified teachers, content rich, concep-
tually sound curriculum and learning resources consistent with the
nature of the disciplines, it is essential that practicing mathemati-
cians, scientists and engineers are involved in the process.

As to the question of how we can grow, educate, attract and re-
tain the best and brightest scientists and engineering students, in
order to have students achieve at proficient and advanced levels,
they must be engaged in learning at proficient and advanced levels.
Today we may be harvesting what we are planting. The following
needs to be relentlessly supported:

1) One, returning teaching to its place as a respected profes-
sion. Research reports of the Education Trust and others
show that the single most important factor in student
achievement in mathematics and science is the concept
depth of the teacher. Each individual teacher should be sup-
ported in developing a database of professional growth expe-
riences to complement and advance his or her talents. As
research is foundational to science and mathematics, teach-
ers should be afforded the opportunity to participate in sci-
entific and mathematical research that they can then trans-
late into new learning experiences for their students.

2) Providing sufficiency of time for the generation of evidence
of what works or does not, in what context, for whom and
why it works. Involving scientists, mathematicians and en-
gineers in the K–12 continuum is a relatively recent sce-
nario. Therefore, we need the Federal Government to finan-
cially support the pilot endeavors at a sufficient level and
for a sufficient amount of time.
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3) Targeting and sustaining federal dollars. It is critical that
federal dollars, whether transmitted through the National
Science Foundation or the U.S. Department of Education,
are targeted to the school districts involved rather than tan-
gential. Tangential efforts have been shown to have limited,
short-lived impact. Only school districts that have com-
mitted to transforming mathematics and science education
and who have defined strategic efforts to engage university
mathematicians, scientists and engineers should be pro-
vided the resources to accelerate the implementation of the
already defined plan.

Relative to how K–12 higher-education partnerships can reduce
the need for remediation, promote interest in math and science
education and reduce the number of dropouts, especially for under-
represented populations, we may need a paradigm shift with the
following two items:

1) Assessment, accountability and motivation. We must be
concerned with assessing the results we want, rather than
those that are most easily measured but provide little
meaning. Assessing the memorization of facts in science and
basic computation in mathematics are not sufficient in pre-
paring the scientific, mathematical or teaching workforce of
the future. As the content of mathematics and science is
enormous and ever expanding, we can no longer look to
mere measurements of factoids, rather we must assess the
conceptual understandings which are the underpinnings of
science and mathematics.

2) Acceleration versus remediation. Rather than focusing on
remediation, Georgia Tech has chosen to focus on accelera-
tion. It is trite to say, but success breeds success. By engag-
ing students in successful, yet challenging scientific experi-
ences, learners come to recognize their innate potential.

Ultimately it is vital that all students be supported in access to,
preparation for and participation in courses that will allow them to
make individual decisions as to their post secondary options.
Whether these decisions are made while in high school or a decade
later, students should not be limited in their options for work, mili-
tary, technical college or university pursuits by the judgment of
others as to what course work they are capable of or may need.

The Nation and Georgia have experienced an increasing reliance
on the scientific and technical skills of those beyond these shores.
We must rededicate ourselves to the support of the human capital
resident in our youth, the leaders of tomorrow and the economic
engine of our future.

Thank you.
[Applause.]
[The prepared statement of Dr. Ohme follows:]

PREPARED STATEMENT OF PAUL OHME

Honorable Representative Gingrey, Members of the Science Committee of the U.S.
House of Representatives and other citizens present, thank you for the opportunity
to appear before you to address how elementary, secondary, and post-secondary
mathematics and science education is critical to innovative scientific research and
to our high tech economy.
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There are four major points that I would like to make and expand upon in my
remarks:

First, the single, most important step that the Federal Government should take
to improve K–12 mathematics and science education is

• To create and support an unequivocal expectation that all children CAN and
WILL learn mathematics and science at a high level.

Second,
• The single most important factor related to student achievement is a highly

qualified, engaging, motivated teacher that is committed to the success of
every student regardless of their background.

Third,
• Institutions of higher education, particularly mathematicians, scientists, and

engineers are a key component in developing a seamless horizontal and
vertical system of science, technology, engineering, and mathematics (STEM)
education leading to a competent technological workforce.

Fourth, and this may be the most harsh to consider
• In order to have students achieve at proficient and advanced levels, they

must be engaged in learning at proficient and advanced levels. Perhaps it
should be considered that the reason, that more than one-third of the stu-
dents tested on the National Assessment of Educational Progress (NAEP) per-
form at the below basic level, is because they are being taught at the below
basic level. Perhaps the diminution of achievement overtime seen on the
TIMSS assessment by students in the United States is because the teaching
and curriculum are redundant rather than taking all students continuously
to the next level. We may be harvesting exactly what we have planted.

Allow me to expand on these points. The mathematics, science and technological
skills of the resident workforce present a quality of life issue for all communities.
The ability to attract and sustain consequential employment opportunities is in-
creasingly reliant on the conceptual understandings, reasoning adeptness, and tech-
nical skills found within science, mathematics and technology. In order for commu-
nities to thrive, it is imperative that students in these communities are supported
in acquiring the depth of content knowledge and skills of mathematics, science, and
technology sufficient for them to make personal choices and decisions that impact
their communities. This quality of life embraces workforce competency, economic de-
velopment, informed and engaged citizenry, and stewardship and delight in every-
day phenomena encountered in the natural world.

Therefore, it is my premise that the single, most important step that the Federal
Government should take to improve K–12 mathematics and science education is

• To create and support an unequivocal expectation that all children CAN and
WILL learn mathematics and science at a high level.

By a ‘‘high level,’’ I mean that the academic program of study that every high
school graduate completes should be one of opening doors to all possibilities, rather
than limiting the aspirations of any student based on the perceptions of others.

How can this high level of access to mathematics and science be achieved for
every student? By providing:

• A highly qualified teacher in every classroom. That means a teacher
with deep content knowledge, the ability to develop disciplinary under-
standing within each student, the confidence to assist every student in devel-
oping the skills and enthusiasm as a life-long learner, and the commitment
that every child is capable and will learn meaningful mathematics and
science.

• A content rich, conceptually based curriculum that supports every
learner in developing disciplinary conceptual understanding that they can
apply to familiar and unfamiliar, yet to be encountered, situations. This
means that the curriculum is experientially based and allows students to
apply their learning, the true evidence that learning has occurred. Therefore,
the curriculum allows students to make connections to real world applica-
tions, including career knowledge in the context of the learning experience.

• Learning resources necessary for exploring the disciplines of mathematics
and science consistent with the nature of these disciplines. This includes ac-
cess to technologies, laboratory equipment, chemicals, and apparatus suffi-
cient to explore natural phenomena as well as experiment to determine the
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impact and consequences of changing variables in various situations. Stu-
dents should be developing skills in developing empirical evidence, analyzing
and synthesizing data, and evaluating the efficacy of the information they are
examining to make informed decisions. These are skills that have life-long im-
plications for success in all fields and for participating as informed citizens
in this democracy and the global world.

Engagement of Mathematicians, Scientists, and Engineers
In order to have highly-qualified teachers, content-rich-conceptually-sound cur-

riculum, and learning resources consistent with the nature of the disciplines, it is
essential that practicing mathematicians, scientists, and engineers are involved in
the process. These disciplinary professionals must be engaged in identifying and
nurturing the future K–12 teachers of mathematics and science who will be the first
teachers of the future scientists and mathematicians. These disciplinary profes-
sionals can contribute to ensure accuracy of scientific and mathematical content in
the curriculum as well as fidelity to the nature of these disciplines, including sci-
entific, analytical, thinking. It is critical that we come to consider the mathematics,
science, engineering ‘‘pipeline’’ as including the classroom teachers themselves, as
well as the mathematicians and scientists who teach them, as well as every student
who is a potential scientist, mathematician, or engineer.

More than a mathematics and science pipeline, it is critical that we recognize
mathematics and science education as part of a system, a cycle that must include
attracting outstanding individuals to become teachers of mathematics and science,
so that they can support, motivate, and advance the learning of the K–12 students
they encounter, the future scientists and mathematicians. This means that current
scientists and mathematicians must identify and support potential teachers of
mathematics and science, just as they nurture the future scientists, mathemati-
cians, and engineers. In other words, while we are working to attract the ‘‘best and
the brightest’’ to become full participants in the technological workforce of the fu-
ture, we must work as diligently to attract the ‘‘best and the brightest’’ to be teach-
ers of mathematics and science. These teachers, disciplinary faculty, and K–12
learners are all part of the equation that has the potential to lead to workforce com-
petency critical to innovative scientific research and to our high tech economy.

As to the question of how we can ‘‘grow, educate, attract and retain the best and
brightest scientists and engineering students?’’ (Based on the involvement you have
had with math and science education programs at the U.S. Department of Edu-
cation and the National Science Foundation as well as those in the state of Georgia,
what are the most important and effective components of these programs?)

I reiterate
• In order to have students achieve at proficient and advanced levels, they

must be engaged in learning at proficient and advanced levels.
What are some of the factors that will contribute to every student learning at pro-

ficient and advanced levels? Beyond providing a highly qualified teacher, content-
rich-conceptually-based curriculum, scientific learning resources, and substantively
involving mathematicians, scientists, and engineers, the following need to be relent-
lessly supported:

• Returning teaching to its place as a respected profession to be considered by
the best and the brightest as a noble and rewarding career choice.

• Providing sufficiency of time for the generation of evidence of what works (or
doesn’t), in what context, for whom, and why it works.

• Targeting and sustaining federal dollars.
The Professionalization of Teaching

Research reports of the Education Trust and others shows that the single most
important factor in student achievement in mathematics and science is the concept
depth of the teacher. Classroom teachers of science and mathematics must have fa-
cility with not only the study of science and mathematics but also the practices of
science and mathematics. Professional growth experiences for teachers cannot be
limited to random workshops and disconnected courses. Rather, teachers should be
supported in an extensive professional growth continuum beyond initial certifi-
cation. Each individual teacher should be supported in developing a database of pro-
fessional growth experiences to complement and advance their talents. As research
is foundational to science and mathematics, teachers should be afforded the oppor-
tunity to participate in scientific and mathematical research that they can then
translate into new learning experiences for their students. It must be recognized
that it is no more appropriate for every teacher to have the same set of learning
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experiences, than it is to presume that every high school student needs the same
set of learning experiences. However, there should be agreement on the expectation
of outcomes, knowledge, and skill to be demonstrated by every teacher, just as there
should be a common set of high expectations of demonstrated learning and applica-
tion for each child.

The challenge of enticing some of the best and brightest into the field of mathe-
matics and science teaching cannot be overlooked as part of solution to problem of
advancing the workforce competency related to innovative scientific research and to
our high tech economy. The disparity in the salary that an engineer with a Bach-
elor’s degree can command versus a teacher with a Bachelor’s degree has contrib-
uted to making teaching a less attractive career. The problem of inviting out-
standing individuals into the teaching of mathematics and science is compounded
by the permeation of the societal challenges of poverty and violence into the school
house. Therefore, we must be steadfast in establishing mechanisms to reaffirm
teaching as a noble profession and in supporting teachers in their professional
growth, with appropriate classroom resources and technologies, which promote them
in taking their students to the highest level.
Sufficiency of Time and Evidence

Involving scientists, mathematicians, and engineers in the K–12 continuum is a
relatively recent scenario. Therefore, we need the Federal Government to financially
support the pilot endeavors at a sufficient level and for a sufficient amount of time
to generate evidence of what works, where, and under what circumstances. Sus-
tained federal funding is necessary in order to gain evidence on best practices when
linking active mathematicians, scientists, and engineers to the education of K–12
mathematics and science teachers and their students. The recent support of the
Federal Government for the National Science Foundation’s (NSF) Math and Science
Partnership is an exemplar of engaging practitioners, of education and mathematics,
science and engineering, to address the acceleration and advancement of mathe-
matics and science education for all.

Hallmarks of the NSF Math and Science Partnership are partnership, evidence
and shared accountability resulting in institutional change among all core partners.
This is unique among federal support and essential to success. It includes the sub-
stantive partnership of university/college mathematicians, scientists, and engineers
with K–12 school districts, focused on generating evidence of effective practices in
advancing the demonstrable achievement of all students in mathematics and
science. Attached below is a copyrighted article taken from the Proceedings of the
2004 American Society for Engineering Education Annual Conference & Exposition
describing some of Georgia Tech’s experiences with university/K–12 partnerships.

The Comprehensive MSP, the Targeted MSP, and the Research, Evaluation, and
Technical Assistance MSP awards have been supported for less than three years.
The new MSP Teacher Institutes for the 21st Century are less than four months
old. These programs are exceptional in that they are defining successful partner-
ships as being responsive to the distinctive characteristics of the local community,
calling for joint planning among university and K–12 partners, clearly defining the
role of each partner, benchmarking to demonstrate progress, creating mechanisms
for self-correction, and requiring shared responsibility, benefit, and accountability.

It is essential that congress support the continuation of these efforts, in diverse
communities, with different partners, and with varied foci in order to generate a
sufficient evidential research base that can inform full implementation in school dis-
tricts across the United States. As this evidence is generated in these experi-
mentally NSF supported higher education and K–12 partnerships, the information
can be used to invigorate broader implementation in school districts across the
United States.
Targeting and Sustaining Federal Dollars

It is critical that federal dollars, whether transmitted through the National
Science Foundation or the U.S. Department of Education are targeted to the school
districts involved, rather than tangential. Tangential efforts have been shown to
have limited-short-lived impact. Targeted federal dollars should be consistent with
the local master plan for advancing mathematics and science achievement. Only
school districts that have committed to transforming mathematics and science edu-
cation and who have defined strategic efforts to engage university mathematicians,
scientists, and engineers should be provided the resources to accelerate the imple-
mentation of the already defined plan.

Overtime, students and teachers in classrooms change. Therefore, true edu-
cational transformation cannot occur classroom by classroom. Whole mathematics
and science system reform, which is seamless vertically and horizontally, must be

VerDate 11-MAY-2000 18:21 Mar 26, 2004 Jkt 091364 PO 00000 Frm 00038 Fmt 6633 Sfmt 6621 C:\WORKD\FULL04\012304A\91364 SCIENCE1 PsN: SCIENCE1



35

implemented. Only school reform in which the university/college community are si-
multaneously changing to support sustained change over time, including the recruit-
ment, training, and retention of outstanding individuals as teachers of mathematics
and science, as well as the scientists, mathematicians, and engineers of tomorrow,
will result in the quantum leap that is required to advance the technological econ-
omy of the U.S. in the 21st century. Only through the sustaining of targeted federal
dollars over a period of five to ten years will we be able to garner the evidence to
demonstrate the efficacy of such accountable-action-oriented partnerships.
Universal Implementation

The U.S. Department of Education is poised to play a pivotal role in supporting
school districts in partnership with higher education in translating the lessons
learned, the evidential-base garnered through MSP research efforts of NSF, into
common practice in all classrooms across the country. While the flow of dollars for
support of the U.S. Department of Education Math and Science Partnership are just
starting to be distributed, it is important that local partnership, involvement of
mathematicians and scientists, and accountability be maintained as individual
States make decisions as to which best practices they will promote.

Related to how K–12-higher education partnerships can reduce the need for reme-
diation, promote interest in mathematics and science education, and reduce the
number of dropouts, especially for under-represented populations, we may need a
paradigm shift within the following:

• Assessment, Accountability, and Motivation
• Acceleration versus Remediation

Assessment, Accountability, and Motivation
As we are concerned with elementary, secondary and post-secondary math and

science education in its criticality to innovative scientific research and to our high
tech economy, we must be concerned with assessing the results we want, rather
than those that are most easily measured, but provide little meaning. Assessing the
memorization of facts in science and basic computation in mathematics are not suffi-
cient to preparing the scientific, mathematical or teaching workforce of the future.
The mathematics and science content knowledge of today is much vaster than when
we were in school and continues to escalate at an incredible rate. If you look at just
a few of the top ten list of scientific discovers in 2002, as reported by Science Maga-
zine, you will discover heretofore unheard of roles for various RNAs, including
micro-RNA-s, elementary-particle physics involving solar neutrinos (a mystery for
the past thirty years), and progress in the field of genome studies that will make
it possible to defeat malaria and hunger. Nanotechnology, chaos theory, and fractals
were unknown just a few decades ago. As the content of mathematics and science
is enormous and ever expanding, we can no longer look to mere measures of
factoids. Rather we must assess the conceptual understandings, which are the
underpinnings of science and mathematics. We must assess the critical ways of
thinking, analyzing, synthesizing, evaluating and generating new knowledge that
are the signature of the scientific and mathematical disciplines. We must find ways
of assessing the applications of these concepts in new situations. Only by developing
assessments that allow teachers and professors to determine what students appear
to understand, as well as to diagnose misconceptions so that they can be addressed,
will we successfully develop the next generation of scientific leaders, teachers, and
citizens.

The Federal Government must support the development of appropriate measures
for assessing the advancement of achieve in mathematics and science. In holding
partnerships, schools, communities and universities accountable for improving sci-
entific and mathematical learning, attention must be paid to motivational processes
rather than solely punitive disincentives.
Acceleration versus Remediation

Rather than focusing on remediation, Georgia Tech has chosen to focus on accel-
eration. That is to say, that the pre-college and college support programs are de-
signed to immerse all involved, whether pre-college students, their teachers, or un-
dergraduate and graduate students in the exciting content that is science, mathe-
matics and engineering. By engaging learners at every level in meaningful content
and continuously successful experiences in learning, we are increasingly attracting
more and more people to the opportunities resident in careers in scientific academia,
industry, and teaching. It is trite to say, but success breeds success. By engaging
students in successful, yet challenging, scientific experiences, learners come to rec-
ognize their innate potential.
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CEISMC Endeavors
Most engineering-scientific Research-1 institutions, particularly those without a

College of Education, focus on generation of new knowledge and the training of the
next generation of scientists, mathematicians, and engineers. However, since the
early 1990’s, the Georgia Institute of Technology (Georgia Tech) has supported
CEISMC (the Center for Education Integrating Science, Mathematics, and Com-
puting) in improving the beginning of the intellectual pipeline, the K–12 students,
in mathematics and science. Through CEISMC, Georgia Tech, links together the in-
tellectual and research expertise of scientists, mathematicians, and engineers, their
graduate students, and undergraduates with the K–12 teaching practitioners and
their students. Through CEISMC’s Teaching and Learning Camps, teachers’ sci-
entific and mathematical content and pedagogical skills are advanced with applied
curriculum developed in concert with researchers. Middle grades students partici-
pate in these summer camps thus extending their curriculum beyond their regular
school classroom and inspiring them to return to school with renewed enthusiasm
for their ability to learn science and mathematics.
Professional Development

Another professional development opportunity sponsored by CEISMC is the Geor-
gia Industrial Fellowships for Teachers (GIFT) program. This is a partnership with
the scientific, mathematical, and technological corporate sector, university research-
ers, and schools, which places veteran teachers in scientific and corporate research
experiences for six to eight weeks each summer. Since GIFT’s inception more than
750 placements have been made, with an average of 75 placements each year. These
teachers are supported by mentors to translate their research experiences into class-
room learning activities for their students once they return to their classrooms. In
both settings, teachers take ownership of their professional growth and positively
comment on how they have been re-energized in their teaching of mathematics and
science and feel renewed as a professional.
Linking Practitioners and Learners

Georgia Tech’s Student and Teacher Enhancement Partnership (STEP), an NSF
sponsored GK–12 program partners Georgia Tech graduate and undergraduate stu-
dents with teams of teachers at six majority-minority metro-Atlanta high schools
per year with three primary goals: To use the unique talents and energy of the
Georgia Tech students to help address the pressing needs at the schools; to promote
long-term, mutually beneficial, and multi-faceted partnerships at these school; and
to provide the Georgia Tech students with a teaching internship experience that
would benefit their professional growth and subsequent career, whether in aca-
demia, industry, or education. In its third year, fifty-six graduate applicants applied
for thirteen slots, with 54 percent filled by African American students.

Evaluation of this program shows that all participants, teachers, their students,
graduate students and undergraduates (paired with graduate students) have bene-
fited from this program. Among the outcomes for graduate students are academic
content mastery, academic efficiency, professional skills, presentations and publica-
tions, interest in teaching and advanced pedagogical skill. Schools benefit from stu-
dent instruction in cutting-edge science and mathematics, instructional materials
development, student mentoring, access to educational technologies, support for stu-
dent research, professional development for teachers, and connections to the Georgia
Tech campus. Providing access and linkages to undergraduates, graduates, and fac-
ulty researchers gives students, many of whom will be first generation college stu-
dents an understanding of the power and possibility, which exists within them if
they apply themselves. These students can visualize themselves in these successful
experiences for the first time, because they are given access and support.

In addition, this work is generating a new body of knowledge related to Partner-
ships which bridge the cultures of K–12 and universities in which scientists, mathe-
maticians, and engineers are substantively engaged. Three stages of partnership en-
compassing six factors of embeddedness, strategic needs, formation, operation, proc-
ess outcomes, and performance outcomes are described. (See Partnering Across Cul-
tures: Bridging the Divide between Universities and Minority High Schools, M.
Usselman, D. Llewellyn, D O’Neil, and G. Kingsley).

Pre-college Mentoring
But success can only occur when each student is fully supported with outstanding

teachers, a meaningful conceptually based curriculum, and scientific learning mate-
rials, as well as a community of individuals letting each student know they can be
successful. The latter can be accomplished through a number of mentoring ap-
proaches. CEISMC partners with corporate mentors, such as BELLSOUTH employ-
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ees, in working with teachers and middle grades students early enough in their edu-
cation to support them in embracing success in science and mathematics. CEISMC’s
Mentoring Program (CMP) links undergraduates as mentors with middle and high
school students.

Pre-College Advanced Curriculum
While providing mentoring experiences for students engaged in Advanced Place-

ment Calculus and Computer Sciences, CEISMC is also partnering with three
metro-Atlanta school districts in the expansion of their advanced learning programs.
While each of the CEISMC collaborative efforts has linked university disciplinary
faculty and loaned CEISMC specialists to the school districts to develop programs
to increase participation and success, particularly among minority students, to hon-
ors and advanced coursework, each of these endeavors is unique to the school dis-
tricts (Cobb, DeKalb, and Atlanta Public Schools), and therefore reinforces a core
premise of all CEISMC’s work, that is it must be responsive to the needs of the
school districts. A cookie-cutter approach does not work, in mentoring, professional
development, or in curricular programs.

Pre-College Technology
In keeping with the notion of acceleration rather than remediation, CEISMC is

developing websites that focus on engaging students and their families in the power,
fascination, and career opportunities resident in science, mathematics, and engi-
neering. CEISMC also develops websites for collaboration among teachers, mentors,
participants, and faculty in order to increase the opportunity for continued inter-
action and ‘‘just-in-time-learning.’’ The latter refers to when a learner is working
along and encounters something that is particularly challenging, they can share
that challenge and work collaboratively to surmount and own the necessary under-
standing.

Continuous Support—Once at Georgia Tech
While the primary focus of CEISMC–Georgia Tech’s efforts are at the pre-college

level, while impacting the collegiate level, Georgia Tech has a number of successful
programs which have proven to support accomplishment, particularly among minor-
ity students. OMED (Office of Minority Education) serves Georgia Tech under-rep-
resented students—African American, Hispanic, and Native American—through a
strategy of academic success and persistence through ‘‘prevention.’’ OMED’s re-
search has found a strong correlation between the minority students first term GPA
and their graduation rate five years later. Consequently, Georgia Tech’s goal is to
work toward a minority graduation rate of 85 percent with a cumulative GPA of 3.0
as the standard for academic performance. OMED fosters this through its ‘‘academic
pre-season’’ embodied in programmatic pieces for entering students. Georgia Tech
supports students in academic transition programs that provide continuous analysis
and assessment with real-time feedback as students are supported in their academic
immersion experiences. OMED’s activities have shown an increased closing of the
gap among Black students retention benchmarked against the total Georgia Tech
population, and shows that Hispanics are retained at a higher rate than either
Blacks or the Georgia Tech population. More detailed information relating to OMED
is attached.

FOCUS
Georgia Tech is also focused on the success of under-represented populations at

the graduate level. FOCUS is a graduate student recruitment program rooted in
marketing: marketing Tech, marketing Atlanta, and marketing graduate school. The
experience opens these students, many of whom are first-generation college grad-
uates, of the potential research and educational opportunities waiting for them.
Many under-represented college graduates are focused first on entering the world
of employment, without having the opportunity to consider the benefits of graduate
study. FOCUS is a collaboration of Georgia Tech and the King Center. It invites
minority graduates to a four day experience in Atlanta. It not only exposes students
to the faculty and facilities of this Research-1 Institute, but also to the history of
the city as the seat of the civil rights movement. It is no small wonder that FOCUS
is timed to coincide with the city’s celebration honoring Martin Luther King, Jr.

These efforts are demonstrating success. Tech currently holds the distinction of
being first in the number of Master’s degrees and doctoral degrees conferred upon
African-Americans. It is notable that one-third of the graduate-level students en-
rolled at Georgia Tech participate in FOCUS.
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Summation
Ultimately, it is vital that all students be supported in access to, preparation for,

and participation in courses that will allow them to make individual decisions as
to their post-secondary pursuits. Whether those decisions are made while in high
school, or a decade later, students should not be limited in their options for work,
military, technical college, or university pursuits by the judgment of others as to
what course work they are capable of, or may need. The single most important fac-
tor related to student achievement is a highly qualified, engaging, motivated teacher
that is committed to the success of every student regardless of their background.
But additional supports, through meaningful curriculum, learning resources, men-
toring, and bridging/transitioning support programs have demonstrable impacts on
student success. This is true for students under-represented in the fields of mathe-
matics, science and engineering as well as those well represented. Finally, the na-
ture of partnership among universities and K–12 schools is critical and must em-
brace mutual respect, shared benefits, and responsiveness to the needs of all in-
volved.

The Nation and Georgia have experienced an increasing reliance on the scientific
and technical skills of those beyond these shores. We must rededicate ourselves to
the support of the human capital resident in our youth, the leaders of tomorrow,
the economic engine of our future.
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Abstract
The historical mission of most engineering-dominated Research-1 universities is

to create new knowledge and to train students in technological fields. In the absence
of a College of Education, and given an institutional culture prioritizing scholarly
research, institutions such as Georgia Tech often do not have a long history of sys-
temic faculty involvement in the K–12 educational community. However the current
national focus, initiated by public funding agencies such as the National Science
Foundation, encourages academic scientists and engineers to shoulder some of the
responsibilities for the quality of science, technology, engineering and mathematics
(STEM) education at the K–12 level, and to do this by developing university-K–12
‘‘partnerships.’’ Unfortunately, given the vast cultural differences that exist between
universities and K–12 schools, these partnerships too often flounder, never man-
aging to bridge the divide to the point of mutual trust, mutual respect, and mutual
benefit.

We are currently in the third year of an NSF-funded GK–12 project, the Student
and Teacher Enhancement Partnership (STEP)1, and are preparing to embark on
a five-year extension. A major part of this project has been the building, nurturing,
and grooming of partnerships between Georgia Tech and local minority high schools.
As part of this project we have developed a model of partnerships that is grounded
in the public policy literature and that describes the evolution of the partnerships
created between Georgia Tech and four minority-dominated high schools as part of
STEP. In this paper we will describe the theoretical framework of the partnership
model, outline ways to assess partnership outcomes, and apply this model to the
STEP program case study.
Theoretical Framework of a Partnership Model

As part of a separate NSF-sponsored research project, we are examining how
partnerships influence STEM educational outcomes in NSF’s Systemic Initiatives
Program and Math and Science Partnerships Program.2 We do so by exploring how
the emergence, operation, and in some cases, dissolution of partnerships influence
the process by which STEM educational outcomes are pursued and achieved. For
the purposes of this research, we define partnerships as voluntary arrangements be-
tween organizations, anchored by agreements, to promote the exchange, sharing, or
co-development of products or programs designed to stimulate STEM education.3
Partnerships are a particular form of inter-organizational collaboration. However,
they are distinctive in that participants are not merely bound by mutual interests.
They have also developed agreed goals and responsibilities for achieving these
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goals.4 Such agreements are usually articulated in formal contracts, memoranda of
understanding, or statements of work. However, we do not exclude the informal
‘‘hand-shake’’ variety of agreement in our definition. We also note that the term or-
ganization is applied loosely to include the organized interests of parents and other
interest groups.

In the multidisciplinary field of public policy research, partnerships have been
studied from multiple perspectives including organizational theory and inter-organi-
zational relations. Inter-organizational studies are the umbrella from which studies
of organizational networks, partnerships and alliances have emerged.5 In other pol-
icy contexts inter-organizational conceptual foundations have been used to study the
relationships among firms, not-for-profits, public agencies, and in public-private
partnerships. Researchers from myriad disciplines have contributed to the concep-
tual foundations of inter-organizational studies including scholars from business, so-
ciology, economics, public administration, and anthropology. These studies have
been pursued using a wide-variety of research methods including cluster analysis,
graph and network analysis, qualitative case studies and social mapping techniques,
and various statistical regression techniques. Consequently, inter-organizational
concepts cover a wide range of partnering behavior and provide an analytic lan-
guage that is sufficiently developed and useful to span the multidisciplinary world
of STEM education.

While many STEM education programs may seek to link partnership efforts to
positive outcome variables such as increased student achievement, researchers and
evaluators from several fields have noted that studies of interoganizational relations
(such as partnerships) rarely address outcomes.6 , 7 , 8 It is far more common for
partnership studies to try and explain the reasons for the formation and structure
of relationship rather than subsequent actions and value-added to the individual
partners.9 Alternatively, studies will posit that partnership is a positive factor and
then provide evidence to support the premise.

Another issue is that partnerships are often treated as rational, strategic acts
which organizations form to control or influence their working environment. From
this perspective organizations enter into the partnership as a means of gaining in-
formation, control over their strategic environment, or to secure vital resource
flows.10 However, this is an under-socialized, overly rational point of view that does
not account for existing relationships in which an organization is embedded.11 Part-
nerships also emerge because organizations have a long-standing working relation-
ship and one is persuaded by another to participate. Organizational institutionalists
argue that rationales for participation in a partnership may be strategic, but they
may also be coercive, mimetic, or persuasive as well.

There is also a difficulty in inter-organizational studies in articulating when a
failure has occurred. Studies have found a high incidence of failure amongst part-
nerships and joint ventures.12 However, there has been a good deal of uncertainty
regarding when a partnership has failed. For example, studies have concluded that
failure is represented by the end of the partnership. If the individual parties to the
partnership have achieved their goals and agreed to dissolution then it does not
seem appropriate to label such an experience a failure. Even if only a few of the
participants to a partnership benefit while others do not, then the result can be am-
biguous. In the case of STEM educational outcomes the ultimate determination of
success for many political and educational leaders is improvement in the perform-
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ance of students in their abilities and on test scores. Even partnerships that have
dissolved may have served their purpose in creating a climate to engender and sus-
tain these improvements.

A final issue in evaluating partnerships is the transportability of successful part-
nerships from one setting to another. A form of partnership that is found to be effec-
tive in a rural setting may not apply well in an urban area. Affluence, community
culture, or ethnic diversity may act as additional contingencies affecting the link be-
tween partnership and educational outcomes. Essex (2001) offers seven characteris-
tics of effective partnerships between a K–12 school and a university but cautions
against of one-size-fits-all application.13 Sirotnik and Goodlad (1988) also warn
against becoming too focused on a single model of effective collaboration.14

To develop a useful tool for evaluating STEM partnerships, models must be robust
enough to address these challenges. This means that the model should attempt to
establish clear relationships between the partnership and the desired outcomes.
There must also be a clear focal relationship (e.g., a particular dyadic partnership,
or a network of organizations, or an individual organization). Success and failure
need to be judged in terms of the overall objectives of partnership rather than meas-
uring failure through the participation of individual members. And studies must
build towards robustness by being comparative not only between highly embedded
and non-embedded organizations, but also among partnerships in different types of
communities (e.g., advantaged vs. disadvantaged; homogenous vs. heterogeneous;
large vs. small school system; or rural vs. urban geographic location).
Partnership Conceptual Model

Through this research, we are developing a conceptual model for linking partner-
ships and outcomes. Six concepts are drawn from organizational and inter-organiza-
tional relations studies into a conceptual model that links the pre-conditions for
partnership, with partnering activities, and finally partnership outcomes.

Stage One
This model captures the pre-existing conditions in terms of strategic needs and

the embeddedness in relations among organizations prior to the partnership.
• Embeddedness describes the number and types of relationships that organiza-

tions have with one another prior to the development of a partnership.
• Strategic needs describes the types of resource and legitimacy needs con-

fronting individual organizations prior to a partnership and whether there is
a congruence or complimentarity in these needs.

The concepts of embeddedness and strategic needs are not mutually exclusive and
are likely to work in concert. In Table 1, we offer a two by two matrix describing
some of the possible combinations. Each partnership or set of partnerships within
a STEM project can be classified according to this chart.
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Embeddedness may occur in either a positive or negative form. Two organizations
may know each other well, have lots of experience working together, yet really dis-
like and distrust the other. Thus, each partnership will have to be classified as high
(negative) or high (positive) in terms of embeddedness. In Table 1, low levels of
embeddedness may signify that the two organizations have little history of working
together. Similarly, all organizations have strategic needs. The issue in this model
is whether those needs are 1) strategically related to the objectives of the partner-
ship, and 2) congruent or complementary.

Just because partnerships fall outside of quadrant IV does not predict that they
will be a failure in terms of process and performance outcomes. But it does indicate
that the nature of partnership needs to be adapted to reflect these conditions. For
example, partnerships in quadrant II exhibit high levels of congruence among part-
ners in their ability to satisfy strategic needs through the project. But these organi-
zations are low on embedding meaning that they do not have a history of working
together. We would anticipate that the partnership process variables of stage two
will exhibit higher transaction costs and formalization of agreements if this partner-
ship is to be successful. Similarly, partnerships in quadrant III have high levels of
embeddedness but low congruence of strategic interests. In order to achieve success-
ful outcomes the partnership must devise ways of building on the pre-existing trust
among organizations with incentives that motivate the partners to fulfill their du-
ties to the partnership. Finally in quadrant I partners do not have embedded rela-
tionships nor is there much in the way of congruent interests. Such partnerships
are likely to be marriages of convenience bound by the desire to secure grant monies
or other resources.
Stage Two

The third and fourth concepts describe the types of partnering activities that de-
velop. These concepts are designed to describe the process of partnering and include
the following:

• Partnership formation describes the types of agreements regarding the goals,
resource allocations, and responsibilities of each party to the partnership.
This concept captures the collective intent of the partnership and includes the
following ideas:
Æ Partnership Goal—Partnerships take aim by setting objectives that en-

gage the full complexity of the problem or may focus on a narrower slice
of the issue. The wider the focus the more likely the partnership is to
require the intervention, reinforcement, and support of resources outside
the school system. For example, it is not uncommon in math-science edu-
cation (or in other subjects as well) for students to have a view of their
life and development that does not include the application of these basic
educational tools. Challenging this perception requires not only the per-
sonal interventions of the schools but also may require challenging a
community culture that lacks of vision of the possibilities associated with
these tools. Effectively addressing a student’s need for math-science edu-
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cation may require enlisting role models and resources beyond those the
school can provide.

Æ Partnership Agreement—Refers to the number and types of formal agree-
ments that are entered into among the partners as a means of achieving
process and performance outcomes. In general, researchers have found
that embedded relationships require less formalization over time.15 Thus,
we might predict that partnerships with positive patterns of
embeddedness would require fewer agreements in order to reach positive
outcomes. Attempts to formalize such arrangements may actually work
to hinder such good results.

Æ Partnership Focus—Organizations are not monoliths. Instead they are
comprised of groups of professions, coalitions, and operating divisions.
Partnerships vary in terms of the types of different groups that have
some form of interaction with one another. For example, organizations
may be highly embedded but not in the relationships that are critical for
the objectives of the project. For example, school system administrators
may have excellent working relationships with universities. But their
teachers may have no experience in interacting with university rep-
resentatives. This means that for the purposes of improving teacher per-
formance the high levels of pre-existing embedding may not produce the
normal types of benefits associated with these relationships. One way of
capturing this is to identify the number and types of different groups en-
gaged in each partnership.

Æ Partnership Complexity—Refers to the number of different organizations
and activities within the partnership. Complexity has been posited to
have four dimensions: vertical, horizontal, sectoral and spatial. Vertical
refers to whether the partnership is organized into a hierarchy with clear
lead organizations and clear followers. Horizontal complexity refers to the
number of peer organizations operating at the same level and on similar
tasks. Sector-based complexity refers to the number of organizations
drawn from the public, private, and not-for-profit sectors participating in
the partnership. Spatial complexity is the number of different geographic
locations involved in the partnership. Highly complex partnerships are
more difficult to operate and keep focused on partnership objectives, but
there are also more opportunities for spillover benefits due to additional
extra-partnership collaboration.

• Partnership operations describe the actual behaviors in which the partners
engaged as they pursue the goals and duties of the partnership. This concept
includes the following:
Æ Partnership Interdependence—Refers to the extent that partners depend

upon each other for resources or materials to accomplish the partnership
objectives. Three types of interdependence have been identified: pooled,
sequential and reciprocal. Pooled refers to relationships that are not
highly interdependent where each partner works fairly independently.
Sequential refers to relationships where the work of one partner feeds
into the work of another partner and this second partner is not able to
proceed until the work of the first partner is accomplished. Under recip-
rocal interdependence each partner must share work back and forth until
it is completed. Reciprocal relationships are the most interdependent
form of partnership.

Æ Transaction Costs—These are the costs that organizations absorb in the
implementation of a task. In partnerships transaction costs are almost al-
ways high because the participating organizations have to adapt to each
other’s method of doing business. Transaction costs can be higher if indi-
viduals from different professions are interacting (usually requiring that
each learn a bit of each other’s language) or if different sectors are in-
volved (as individuals from the private and public sectors adapt to the
particular rules that govern their home organizations).

Æ Partnership Communication—This refers to the frequency with which
partners interact and the direction of these interactions. One of the more
common complaints in university-school partnerships is that the commu-
nication flows are largely one-way with universities providing informa-
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tion and resources to schools. These patterns may be highly embedded
and even be high in congruent interests if they contribute to the profes-
sional development of school systems and/or teachers. However, when
confronted with a challenge as difficult as reforming STEM education
outcomes, greater dialogue may be required in order to achieve positive
outcomes.

Stage Three
The final two concepts describe the types of outcomes that develop from the part-

nership. These concepts are designed to capture the results of the partnership.
• Process outcomes describe the qualitative and quantitative assessments that

measure whether the partnership actually achieved the goals and duties of
operation. For example, under process outcomes we may observe whether
partners were able to implement a common curriculum across schools, mar-
shal resources among partners, bring together the support and talents of uni-
versities, parents, businesses and not-for-profits, or achieve congruence
among policies.

• Performance outcomes assess such improvements as in the working environ-
ments of teachers, enhancements in their ability to engage in STEM edu-
cation, and assessments of the performance of students on STEM topics.

Stage One and Two variables in the partnership model describe how pre-existing
conditions and strategies of partnering need to be matched in order to produce posi-
tive outcomes. This is particularly true with process outcomes. Under Stage Two
partnership variables we observe the types of interactions, agreements, resources,
foci, transaction costs, etc. that are associated with a project. Stage Three outcome
variables capture the degree to which these efforts are translated into conditions for
successful STEM partnerships.
The Student and Teacher Enhancement Partnership (STEP) Program—

Case Study
The Student and Teacher Enhancement Partnership (STEP) program, funded for

three years by the National Science Foundation as part of the GK–12 program, with
a continuation for another five years (as STEP Up!16 ), partners Georgia Tech grad-
uate and undergraduate students with teams of teachers at six metro-Atlanta high
schools per year. The discussion that follows applies the conceptual model of part-
nerships to the STEP program, analyzing the program based on the theoretical con-
cepts described. A total of ten high schools, widely distributed geographically
throughout the Atlanta metropolitan area and in terms of socio-economic status,
have participated in the STEP program over the past two and one-half years. We
will limit the current discussion to the partnership with four primarily African
American schools in Fulton and DeKalb Counties.

In this report we examine the body of data collected during the STEP evaluations
and organize this information using our partnership model. In doing so, we attempt
to observe both the variance in partnering-related activities and the evolution of the
partnership over time.
Partnership Assessment Strategy for STEP

The findings for this study are drawn from the on-going evaluation of the STEP
program. Because the STEP program is in the early stages of development the as-
sessment strategy is currently formative in nature, emphasizing qualitative data
collection methods and descriptive analysis of the partnerships. The key evaluation
issue is whether the STEP program enhances math and science partnerships (in
this case between Georgia Tech, the school districts and the high schools) by intro-
ducing Fellows as a resource for teachers. Thus, in addition to the variables de-
scribed above, several key relationships served as the focus for the larger evalua-
tion:

1) Evidence of enhanced math and science partnerships between Georgia Tech,
the school districts, and the high schools.

2) Evidence of effective working relationships between high school teachers and
the STEP Fellows.

3) Evidence of benefits to teachers, Fellows, and high school students from par-
ticipating in the STEP program.

4) Identification of factors that facilitate or hinder the achievement of the im-
pacts identified in previous three points.
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The principle evaluation method employed during the first few years is to develop
case studies of each of the high schools participating in the STEP program. The nar-
rative in each case describes the implementation of STEP from the perspective of
each of the partners. In addition to the case studies, the data is examined according
to the roles that individuals play within STEP. Thus, aggregate narratives are de-
veloped for Fellows, Teachers, Coordinators, and Advisers. A variety of data sources
are used in this study including:

• Semi-structured interviews with Fellows, teachers, advisers, coordinators, and
STEP administrators.

• Surveys of Fellows following the summer training programs for STEP.
• Document reviews of the action plans for each high school.
• Document reviews of lesson plans and assessment tools developed by the

STEP Fellows.
• In-class observations of the STEP Fellows.
• Review of journals maintained by the STEP Fellows of their experiences with-

in the high schools.

Input from high school students was also compiled through presentations and in-
formation from the STEP Fellows, such as videotapes and student evaluations con-
ducted by individual teachers or STEP Fellows.

Stage One: Embeddedness
The STEP program has provided a way to partner Georgia Tech with four pri-

marily African American high schools in which it historically has had few ties. It
is worth mentioning that many of the local African American-majority schools view
the local majority-white universities with a large amount of distrust, a point of view
rooted in segregation and in the fact that minority schools in the southern United
States have traditionally been forced to operate with far fewer resources than their
white counterparts. In addition, universities often initiate ‘‘reforms’’ in local schools
that are short-lived, leading to a healthy skepticism by veteran teachers about the
university’s long-term commitment. University academic faculty often approach
projects presuming that they know better than the school personnel how to solve
the problems of K–12 education, causing teachers to be suspicious that university
involvement will just create additional work for them. The distrust is also fueled
by the legacy of segregated southern universities (including Georgia Tech), by the
current debate about affirmative action and the fairness of standardized exams such
as the SAT, and by the lack of cross-cultural dialog between African American and
Caucasian students who have never sat next to, nor competed academically with,
students from the other race. So in many ways, the pre-existing relationships be-
tween the individual majority-black schools and the majority white universities are
fraught with historical baggage, are examples of communities with vastly differing
cultures and expectations, and therefore exhibit very low levels of embeddedness.
However the central administration of these large, urban, school systems are often
experienced at partnering with local universities, which provides an effective initial
point of entry.

Stage One: Strategic Needs

For the High Schools
The four schools participating in this partnership all post low standardized test

scores, and on most measures of academic achievement (including the percent of
students requiring academic remediation in college) they perform well below their
majority-white suburban peer schools. The demographics and 2001–2002 academic
performances of the partner schools are listed in the table below.
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The need for increased academic achievement is therefore easily demonstrable.
However precisely which strategic needs are addressed by the STEP partnership?
They are the needs endemic in low performing schools where the teachers are under
great stress to improve academic performance at the same time as they are coping
with student disengagement, transient student populations, and lack of parent in-
volvement or support. In other words, they are:

• The need for extra adults to assist with developing and implementing labora-
tory exercises.

• The need for assistance with locating and coordinating educational excur-
sions, and for planning after school clubs and organizations.

• The need for assistance in taking advantage of educational and funding op-
portunities.

• The need for role models and mentors for students.
• The need for expert content resource people to aid both teachers and stu-

dents.
• The need for support for the use of educational technology.

On the other side, what are the strategic needs of Georgia Tech that are satisfied
by STEP, and are these needs congruent and/or complementary to the needs of the
schools system? Georgia Tech’s needs are:

• The need for opportunities for graduate students to gain leadership, commu-
nication, and teaching skills.

• The need for graduate students and faculty members to have approved ave-
nues for engaging with and giving back to the community. This is particularly
true for our African American graduate students.

• The need for faculty to engage in educational outreach and workforce develop-
ment activities to help them attract external research grants.

The needs of the two partners are therefore largely congruent since the university
partners satisfy their needs through interacting with the school system partners.
Stage Two: Partnership Formation
Partnership Goals

• To use the unique talents and energy of the Georgia Tech students to help
address the pressing needs at the schools;

• To promote long-term, mutually beneficial, and multi-faceted partnerships at
these schools; and

• To provide the Georgia Tech students with a teaching internship experience
that will benefit their professional growth and subsequent career, whether in
academia, industry, or education.

Partnership Agreements
The Science Coordinator or Deputy Superintendent for Curriculum from each par-

ticipating school system selected schools to participate in the STEP Program. The
schools selected were ones that had demonstrated need, but that also had well-func-
tioning leadership and the capacity to partner. Because of the disproportionately
high participation rate by Georgia Tech African American graduate students and
the high level of need in the predominantly black Atlanta-area schools, we decided
after Year 2 to concentrate most of our efforts on the issues of the primarily black
schools.
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Partnership Focus
Two Graduate Fellows and a teacher coordinator form the initial central core of

the STEP team at each school. As the partnership progresses at a school and the
capacity of the school to effectively expand the partnership increases, undergraduate
students are added to the mix, or new ventures, such as a pilot using a social
science graduate student, are added. This increased school capacity usually takes
the form of an increase in the number of teachers who claim ownership of the
school-Georgia Tech partnership and who understand the value of, and the optimal
ways of interacting with, the graduate Fellows. In each school the partnership has
evolved differently. The STEP staff provides guidance and consultation, but the cen-
tral philosophy of STEP is that the nature of the partnership is defined by the peo-
ple directly involved. The STEP co-PIs choose the graduate Fellows, give them train-
ing, and put them into the field to work in ways that best fit their talents and incli-
nations and that most effectively address school needs.
Partnership Complexity

Vertical Complexity—Georgia Tech is the lead STEP organization, maintaining
partnerships with multiple high schools. However substantial effort has been in-
vested in moving the relationship away from a leader and follower status, and en-
couraging the high schools and teachers to take the lead on initiating projects. How-
ever the central STEP administration effectively holds the project together.

Horizontal Complexity—STEP involves multiple high schools, and multiple Geor-
gia Tech academic units, centers, and laboratories. In this regard, the project is
highly complex, and relies on creating multiple horizontal connections between inde-
pendent entities. However since only one university is involved, this decreases the
problems of multiple collaborations between peer institutions.

Sectoral Complexity—STEP is primarily a partnership between the university and
the schools. However long-term sustainability probably requires that additional
partners be added from the private sector. STEP has initiated a campaign to attract
private sponsors, which will undoubtedly add to the complexity of the general part-
nership.

Geographic Complexity—STEP operates only in metro-Atlanta, within commuting
distance for the graduate Fellows. This simplifies many aspects of the partnership.
Stage Two: Partnership Operation
Partnership Interdependence

The STEP PI and co-PI do not dictate what the team is to do, but instead serve
to ‘‘run interference’’ and ensure that the program runs smoothly, that the activities
are consistent with the goals of the program, and that all of the team members are
communicating effectively. The partnerships with each school are reciprocal, requir-
ing that each side initiate actions, and follow through with support for the other
side.
Transaction Costs

The most substantial cost of STEP is in the graduate Fellow stipends, tuition, and
other associated cost-of-education expenses. Money is also invested in the form of
staff salaries. Therefore in this partnership, components with ‘‘high transaction
costs’’ are usually defined as those that take lots of time and energy from the STEP
staff and from the graduate Fellows.

At the school level, each STEP team is led by a Teacher Coordinator who is paid
a $2,500 stipend. That teacher is responsible for recruiting colleagues into the pro-
gram, and for overseeing the placement and activities of the STEP Fellows. Each
Teacher Coordinator is provided with $2,000 for materials and supplies, and $1,000
to support teacher professional development activities. Additional teachers who be-
come involved with the program are provided with financial compensation, up to a
total of $2,000 per school. In addition, each STEP Fellow is provided with money
for supplies—$500 per graduate student, and $250 per undergraduate student.
Partnership Communication

Many of the most serious problems that have arisen during STEP can be traced
to a breakdown in communication that leads to different expectations between par-
ticipants, such as between a Fellow and a teacher. We have learned that prompt
and regular communication, regular monitoring of graduate Fellow activities, and
a willingness to quickly change course when people are dissatisfied serves to mini-
mize the problems that stem from poor communication. One problem of partnering
with minority schools is that the school personnel often are not comfortable using
e-mail, which is the primary mode of communication at the university. This state
appears to be changing, however, making the communication routes much easier.
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Stage Three: Process Outcomes
As indicated in the Partnership Assessment Strategy section above, STEP out-

comes at this stage are primarily: 1) evidence of enhanced partnerships, 2) evidence
of effective working relationships, and 3) evidence of benefits to teachers, Fellows,
and high school students. These outcomes are described under Performance Out-
comes. Process Outcomes include the actual operation of the partnership, and the
infrastructure developed to support the program. These are detailed below.

STEP Summer Training Course
Before they are placed in the classroom, STEP Fellows receive ten weeks of train-

ing during the summer at the start of their fellowship period. The goals of this
training are three-fold: to start the work of building partnership teams and plan-
ning for the academic year; to give the Fellows a ‘‘toolbox’’ of knowledge and re-
sources to use once they arrived at the high schools; and to provide ample oppor-
tunity to explore relevant topics in education and to practice using the tools that
they are learning. The expectation is that at the end of the ten weeks the Fellows
will be ready to be fully participating members of the teams at the schools, ready
to act as content expert resources and to engage with the teachers as partners in
the educational mission of the high school classroom.

School-Based Partnering Activities
The action plan, developed by each school team, details the types of activities that

best fit the needs of the school and the talents and professional and personal desires
of the Fellows. Examples of the activities include:

• Student Instruction—Fellows can assist partner teachers with instruction in
the classroom in the form of hands-on laboratory experiments, group research
projects, active group discussions of science topics, and/or short lectures on
content.

• Instructional Materials Development—Fellows can develop instructional mate-
rials, or adapt existing materials to reflect more inquiry learning. The learn-
ing objectives covered depend completely upon the needs of the specific class-
room.

• Student Enrichment and Mentoring—Fellows are often involved in direct tu-
toring and mentoring of students, and in coordinating activities such as high
school chapters of the National Society of Black Engineers (NSBE Jr.) and
Science Olympiad.

• Educational Technologies—Fellows can provide teachers and students with
assistance in implementing educational technologies in classroom projects and
curricula, including initiating web-based classroom resource and discussion
pages.

• Student Research and Science Fair Projects—Fellows provide invaluable as-
sistance to students in conceptualizing a viable science experiment, providing
feedback on the appropriate uses of the scientific method, assisting with locat-
ing appropriate research equipment and supplies, reviewing experimental
progress and data, and advising on presentation of results.

• Teacher Professional Development—Fellows have designed and implemented
staff development activities for teachers, often focusing on the use of edu-
cational technology.

• Georgia Tech Connections—Fellows are very effective at increasing the link-
ages between Georgia Tech and the partner schools. Graduate students are
plugged into the events in their departments and in the broader university
community, and are constantly reviewing these connections with an eye to-
wards applicability to the high school community.

Graduate Fellow Participation
Recruitment: Despite initial skepticism by Georgia Tech faculty and administra-

tors, the STEP program has become increasingly and highly popular among grad-
uate students, particularly among the African American graduate students (see
chart below). We attribute this to the strong involvement by black graduate stu-
dents in community involvement and civic leadership activities, and to a powerful
‘‘word of mouth’’ promotion of the program within the minority community at the
institute. The table below shows the ethnic and gender breakdown of the applicants
and participants in the program for the first three years. Note the progressive in-
crease in application number. (B=black, W=white, O=other, M=male, F=female.)

VerDate 11-MAY-2000 18:21 Mar 26, 2004 Jkt 091364 PO 00000 Frm 00067 Fmt 6633 Sfmt 6621 C:\WORKD\FULL04\012304A\91364 SCIENCE1 PsN: SCIENCE1



64

Between years one and three, the number of academic units represented by those
applicants grew from five departments in two colleges to eleven departments in four
colleges.

Stage Three: Performance Outcomes
STEP is, in essence, a grand experiment in partnership building. Can a highly

technical, majority white, university, over an eight-year period, build meaningful
partnerships with low-income and predominantly minority schools that will outlast
the individual people and the external support, and that will yield quantifiable ben-
efits to both sides?

Indications of Partnership Building
Sustainable partnerships must be built upon the efforts, concerns, and agendas

of many people if they are to survive the departure of the original players. Bearing
this in mind, our philosophy has been to encourage all STEP participants to expand
the partnership network whenever possible, and to include academic departments,
individual laboratories, campus offices, student organizations, business and industry
partners, and professional societies on the university end, and as many teachers,
school clubs, administrators, and students as possible on the K–12 end. Thus far,
the most noteworthy aspects of this partnership infrastructure include:

• Involvement by Large Numbers of Academic Units at Georgia Tech, including:

Æ 9 academic units in the College of Engineering
Æ 4 academic units in the College of Sciences
Æ The College of Computing

Æ 2 academic units in the Ivan Allen College (for Liberal Arts and Social
Science).

• Active Participation by Minority Organizations. Georgia Tech graduates more
black engineers than any other institution in the country, and the Georgia
Tech Black Graduate Student Association, and the National Society of Black
Engineers (NSBE) have been two of our strongest partners. The black grad-
uate students have also involved the FOCUS program (which encourages mi-
nority participation in graduate school), the FACES program (Facilitating
Academic Careers in Engineering and Science), EMERGE (Empowering Mi-
nority Engineers to Reach for Graduate Education), as well as 100 Black Men
of Atlanta.

• Involvement by NSF-funded Engineering and Science Research Centers.
• Direct School-University Lab Partnerships to foster research opportunities for

teachers and high school students.
• Involvement by Georgia Tech Offices and Organizations, notably the Office of

Undergraduate Admissions, the Women’s Resource Center, and the Division
of Professional Practice.

• Involvement by Increasing Numbers of Teachers at Partner Schools.
• Involvement by High School Students in Georgia Tech-Sponsored Enrichment

Activities.

Graduate Student Outcomes
All Fellows, at the end of their tenure, answer the journal question ‘‘What did you

gain from being a STEP Fellow?’’ In answer, the graduate students wrote:
‘‘An extreme sense of satisfaction at the contribution I made to my students’
lives—no matter how small it was. It was also the first experience I’ve had that
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has made me seriously consider teaching as a career. I’ve even recommended it
to several people.’’ Black female, 4th year chemistry Ph.D. student
‘‘The biggest thing that I gained was confidence. I have no problem standing in
front of a class and lecturing.’’ White female, 2nd year mechanical engineering
Master’s student
‘‘The STEP program has changed my career objectives. I now want to, ulti-
mately, use my Ph.D. to develop educational programs for high schools. I want
to create partnerships between industry and high schools. Don’t ask me how just
yet; my thoughts are still evolving.’’ Black male, 5th year physics Ph.D. student.
‘‘I gained teaching and leadership experience. This experience has shown me how
much I really enjoy teaching despite the shyness in my personality. The joy of
seeing a student learn supersedes my insecurities. The burden I feel when I look
at the problems that face our communities, compels me to share what I have
learned from school, so that other can break cycles and achieve the best in life.’’
Black male, 5th year Ph.D. electrical engineering student

Teachers also provided unsolicited comments about the partnership:
‘‘I need to tell you how much [the Fellow’s] presence has meant to me. This has
been my first year back in teaching after 23 years in industry and I had little
idea of the level of the problems I would encounter. [The Fellow] has served as
a confidant, a sounding board, another set of eyes, and a friend during this year.
Further he has added a creative element by way of his ideas and suggestions.
His contribution has been significant, not only to the program here but also to
my sanity. I have had a sense of isolation because of the limited adult interaction
available here and even though [the Fellow’s] days here were limited, they were
a breath of adult communication. His insight and willingness to delve into what
we were seeing was useful. We have evolved many understandings of the prob-
lems here. . .and after the summer break I will be refreshed to start again.’’
Written by a participating physics teacher
‘‘Hi. Last day of school here. Paperwork completed, reflecting for a moment.
Wanted to commend to you on [the two Fellows’] work. They made this old teach-
er a believer. [One Fellow] brought a steadiness and steadfastness with her.
Dedicated to labs, and slugging it out. [The other Fellow] brought fire and brim-
stone. He gave us 100-plus summer enrichment programs of which our kids are
attending. . ., brought us to Calvin Mackie’s talk, Lego Mindstorm, aided in
interviewing Governor’s Honors nominee, and big-brothered one of our students
helping him gain admittance to NC A&T. I would term this year a success. See
you soon!’’ Written by a participating chemistry teacher

Evaluation of the STEP program’s effect on graduate students, using the assess-
ment methodology described earlier, has revealed positive outcomes in:

• Academic Content Mastery: Graduate students teaching high school students
must convey knowledge so that it is comprehensible to students who come
from varying achievement levels and backgrounds. This requires that knowl-
edge be thoroughly understood, condensed and distilled to improve its effi-
cacy, a skill that has incomparable value for graduate students.

• Teaching Interests: Hands-on teaching experiences provide graduate Fellows
with early opportunities to elucidate their interests in teaching as a profes-
sion—whether at a high school or college level. These teaching experiences re-
quire novel approaches to conveying knowledge to students, thereby encour-
aging creativity in a Fellow’s own research objectives.

• Academic Efficiency: A graduate student’s skill at time management strength-
ens through time spent with students—both inside and outside of the class-
room. Most graduate Fellows willingly spend more time contributing to the
program than is required. To accommodate this, graduate students conduct
their research and schoolwork in a more efficient manner.

• Professional Skills: Working in a high school classroom helps Fellows improve
their leadership, communication, and pedagogical skills and better-define
their future professional and academic goals and objectives. It also provides
them with models of rewarding community service that are applicable to their
future career, whether in education or industry.

• Presentation and Publications: During the first two years of the project STEP
Fellows have participated in seven professional presentations, co-authored
three conference papers, and attended three NSF workshops and seven pro-
fessional meetings in their role as STEP Fellows.
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Teacher and School Outcomes
The teachers and school administrators have all been highly enthusiastic about

their participation with the STEP program. Many have stated that STEP is unlike
any other school enhancement program they have ever seen, and that among all of
their school ‘‘partners,’’ Georgia Tech is their best one and is the only one that actu-
ally provides meaningful classroom help. The benefits to the school, teacher, and
students most often mentioned to the evaluation team have been:

• The injection of fresh energy into the classroom by the Fellows.
• The value to teachers of understanding the cutting-edge research that takes

place at the university, and the value to high school students of being exposed
to what the science and mathematics are used for at a higher level.

• The ability of the Fellows to provide novel and different ways of thinking
about, and presenting, science and mathematics content, and to introduce the
students to educational enrichment opportunities outside of their school.

• The access that the teachers and students gain to science materials, supplies,
and equipment.

• The effectiveness with which the Fellows are able to transform the high
school students’ thinking about science from a view that science is a bunch
of facts, to an understanding that science is a process, and a way of thinking.

• The additional time the Fellows provide for teachers to do other necessary
school-related duties. Fellows also help teachers keep their ‘‘sanity’’ under dif-
ficult conditions, hopefully increasing the likelihood that the good teachers
will stay at these challenging schools.

• The Fellows, particularly the African American Fellows, serve as invaluable
mentors for the predominantly minority high school students. They are role
models, tutors and cheerleaders, and always fight against the tendency of
schools to lower the bar for minority students.

• Teachers gain access to summer research experiences at Georgia Tech,
through the Georgia Industrial Fellowships for Teachers (GIFT) program, and
can build personal connections with faculty and lab personnel. After Year 1,
one STEP teacher participated in GIFT. During the summer after Year 2, 13
teachers from STEP schools participated in research internships at Georgia
Tech as part of the Georgia Tech (GIFT) program, supported primarily by Re-
search Experiences for Teachers NSF grant supplements.

Though many of these benefits are difficult to quantify, they are very tangible to
the individual teachers. For the four overwhelmingly African American schools in
the program, STEP is the reform initiative within the science department. It pro-
vides the teachers with a sense of being special, and a hope that together the school
and Georgia Tech can improve the situation they face and help them direct their
students towards productive and gainful careers. In essence, the partnership pro-
vides the teachers and schools with an invaluable door to Georgia Tech, through
which pass lab and classroom resources, science and engineering faculty speakers,
high school students on laboratory tours, admissions officers bearing crucial advice,
and undergraduate student volunteers. These are all types of resources that are tra-
ditionally unknown and unavailable at the African American schools but are com-
monplace at majority-Caucasian affluent schools (that each send dozens of students
per year to Georgia Tech, and where many of the parents are connected to the uni-
versity, either as an alumnus, a faculty member, or a member of the corporate elite).
These ‘‘ripples’’ of resources extending from the partnership core are vital to the
growth and vitality of the partnership; Fulton County’s Tri-Cities High School STEP
program, described below, gives a good example of this ripple effect in action. Tri-
Cities and Georgia Tech had no existing relationship before STEP began in 2001.

Tri-Cities has now hosted seven graduate students and two undergraduates over
a three-year period. The partnership ripples include: 1) High School students initi-
ating a junior chapter of the National Society of Black Engineers (NSBE) (linked
to the Georgia Tech NSBE chapter) which hosts academic activities and competi-
tions, 2) Four science teachers participating in summer research internships in
Georgia Tech Biology and Electrical Engineering laboratories, 3) Two teams of high
school students conducting research projects at Georgia Tech, supported by the Sie-
mens Foundation, 4) A College of Computing professor and Ph.D. graduate student
piloting a new computer-based art program at the school, 5) A science teacher and
faculty member from Aerospace Engineering collaborating on a grant to create a
high school research-based Astronomy class, 6) Students from Tri-Cities American
History classes exchanging visits with Georgia Tech students enrolled in a Social
Policy course, 7) Tri-Cities students participating in internet conversations with stu-
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dents at Georgia Tech, and students in Russia and Sweden, 8) The minority recruit-
ment team from Georgia visiting the school multiple times, 9) Teams of high school
students participating in a Lego Mindstorm competition sponsored by Mechanical
Engineering, 10) High school students visiting Georgia Tech to hear motivational
speakers, 11) Students and teachers attending Biotechnology demonstrations, and
12) A relationship of trust and respect developing between people at Tri-Cities and
Georgia Tech.

The Evolution of the STEP Partnerships
As we are in the third year of STEP in several of our partner schools, we are now

in a position to evaluate the initial success of our partnership building, and to look
towards sustainability. The following evolutionary model of the development of a
university-high school partnership based on graduate Fellows is now becoming ap-
parent. It is also apparent that these stages cannot be rushed since the trust nec-
essary for building true partnerships takes time to develop, and is based on actions
over time, not on abstract plans.

Year 1—Initial Steps
Goal—To develop an understanding by both university and school partners of the

program’s potential at that school.

• Graduate Fellows are introduced, and form personal bonds with school staff.
• School personnel develop an understanding of program possibilities, trust

about university motives, and confidence of sustained university interest.
• The university partners analyze school’s use of Fellows and the partnering ca-

pability of the school staff.
• The university partners assess whether the ‘‘need’’ is there-Does the partner-

ship have the potential to have a major effect, or is it merely icing for a school
which functions fairly well already?

Year 2—Maturation and Expansion of the partnership.
Goal—To establish the university as a ‘‘real’’ partner—i.e., one that can be trusted

to continue for the long haul.

• The school transitions to a second graduate Fellow team. Teachers and school
personnel learn that the partnership is not dependent on specific graduate
students.

• The team of teachers and graduate students develop a broader concept about
what the school’s needs are, and how the university might interface with
them.

• The network of teachers with ‘‘ownership’’ of the partnership expands.
• Multiple connections are developed between the high school and academic

units and organizations at the university, including linking schools to par-
ticular research labs.

• Teachers are encouraged to come to the university as summer research in-
terns.

• The team begins developing high school research teams to come to university
labs.

• Undergraduate students or additional graduate students join the school
teams where the partnership capacity allows it.

Year 3—Beginning Institutionalization.
Goal—To increase the number of ‘‘owners’’ of the partnership.

• Schools transition to a third graduate Fellow team and university-school con-
nections expand.

• School system personnel become involved in the graduate Fellow summer
training program.

• The partnership gains increased visibility and ownership among high-level
administrators from both school system and university.

• Schools are encouraged to actively instigate additional school-university con-
nections, thereby empowering teachers to ask for what they need.

• Staff seeks out and promotes partnerships and sponsors from the private sec-
tor.
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All of the STEP partnerships are actively evolving and expanding. The goal of the
next five years of STEP is to solidify the partnerships, creating enough linkages
that the connections become sustainable without the infusion of NSF funds.
Conclusion

Though there is a current national emphasis on developing partnerships between
universities and K–12 schools, there has been little discussion on exactly what is
meant by a ‘‘university-school’’ partnership, and very few theoretical frameworks
exist for describing the best way of achieving sustainable and effective partnerships
in education. The Partnership Conceptual Model described in this paper and drawn
from the partnership literature from the field of Public Policy emphasizes the impor-
tance of pre-existing conditions (in terms of embeddedness and strategic needs) and
the structure of the partnership (in terms of formation and operations) when pre-
dicting the success of the project outcomes. STEP is a partnership that began with
congruent strategic needs and a high degree of embeddedness with the school sys-
tem administration, but a low degree of embeddedness where it really counts, name-
ly at the individual school level. Therefore high initial transaction costs, in the form
of large amounts of time and effort, were required to develop the connections with
the schools, and the necessary personal trust, that ultimately have led to a deeply
embedded partnership and a higher chance for long-term successful outcomes.

With STEP the emphasis has been placed on the development of a healthy part-
nership and the final outcomes are allowed to evolve from the partnership. In our
experience, this is not the most common orientation of educational partnerships;
many are driven by particular prescribed activities, or based on curricular units de-
veloped by higher education. As illustration, one of the NSF reviewers for the STEP
Up! GK–12 continuation grant stated:

‘‘The process of creating the partnerships and working with the teachers is not
new, original nor particularly creative. What is novel is the creating of the part-
nerships first and then letting what happens happen. This takes courage and
faith in the participants. It also takes very secure college level faculty who are
willing to treat their high school teachers as peers. This is obviously happening
here with very imaginative results.’’

Our experience suggests that the partnership itself is particularly important when
trying to connect and effect change in entities with very different cultures, such as
majority-white universities and majority-black schools. Only when the partnership
is strong, and the different partners have trust in one another, can change take
place. And only when there are clear mutual benefits and trust can a partnership
outlast the external funding stream and sustain over time.
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private partnerships to harness developments in science and technology, and the na-
ture and assessment of educational partnerships.
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Mr. GINGREY. Thank you, Dr. Ohme.
We will now hear from Mr. Michael Cassidy.

STATEMENT OF C. MICHAEL CASSIDY, PRESIDENT, GEORGIA
RESEARCH ALLIANCE

Mr. CASSIDY. Mr. Chairman, Congressman Davis, good morning.
It is a distinct pleasure and honor for me to join this discussion
today and to provide testimony to this committee on a subject that
is of great importance to me professionally and personally, as I am
sure it is to each of you.

As noted in my biography, I am the President of Georgia Re-
search Alliance. We are a private, non-profit organization with an
economic development mission. We were formed in 1990 from the
vision of the business leadership of this state.

They saw the need to bring together business, Georgia’s leading
research universities and state government in a partnership to en-
sure that the innovation capacity of our university research enter-
prise was directed toward bringing economic prosperity and a supe-
rior quality of life to Georgia, the region and perhaps the Nation.

The stated goal was, and is, for Georgia to be recognized in the
top tier of states with an innovation-driven economy. Why is it im-
portant for Georgia to be thought of as a high-tech state? It is well
known, certainly by this committee, that high-tech jobs—especially
the jobs in fields such as computers and communications or the bio-
sciences, attract our most highly educated workers who in turn
earn the highest salaries. This high-tech workforce is the key to
building very successful, growth-oriented companies that lead to
sustainable economic growth.

High-tech industries are in fact characterized as the ones that
are driven by entrepreneurial energy and imaginative thinking.
These are the industries that develop the sophisticated tools which
impact businesses of every size and translate discoveries made in
our research laboratories into the technological advances that are
so important to our quality of life.

We see a situation today where the development and use of tech-
nology is strongly influencing the distribution of economic growth
in the United States. Clearly this distribution of economic growth
is not occurring uniformly in all states and regions. Economists of
course have a name for this, they call it geographic clustering.
What it means very simply is that there are going to be the prover-
bial haves and have-nots. There will be winners and losers. Our
challenge, the challenge from our board of trustees, the expectation
of our Governor is ensuring that Georgia does emerge as one of the
winners. But an even greater challenge, and certainly one that this
committee is concerned with, is to make certain that America sus-
tains its reputation as an innovator and continues on a path to
prosperity.

Over the past 13 years, Georgia has been quite successful in
moving toward this goal. We have brought a cadre of some of the
world’s brightest and best researchers to our universities. We have
provided them and their colleagues with the specialized labora-
tories and equipment they need to lead research and development
programs with significant economic development potential. And we
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have created programs to move innovation from the laboratory to
the economy.

In fact, we can track some 120 new high-tech startup companies
that are related to our investments in recruiting top scientists and
developing a world-class university research infrastructure. This is
the good news that I have just shared with our Governor as our
legislative session gets underway in Georgia.

But all of this success will fall apart unless we are able to meet
the challenge that this committee is addressing. We must be able
to provide a workforce with the math and science skills that are
so vital to helping these companies grow, and our more established
ones thrive.

We also need to continue to build a university research workforce
that generates the innovative technologies that lead to more
growth of the high-tech industries in our state.

The statistics in Georgia are disquieting, particularly to an orga-
nization such as ours that is expected to improve the economic
landscape of our state. As I understand our situation, in the year
2000 our 4th graders ranked 43rd nationally in science and our 8th
graders ranked 42nd. Our percentage of college students seeking
degrees in science and engineering continues to fall. Women and
minorities are still under-represented in the sciences and engineer-
ing. And all of this while the retirement of the baby boomers is ex-
pected to leave a two million job gap in professional, technical labor
markets.

Recently Georgia came in second in its efforts to recruit a major
vaccine manufacturing facility to the state. Mr. Chairman, second
really doesn’t count in this business. The facility went to North
Carolina. One of the key reasons cited was the perception that
Georgia could not provide the high-tech workforce that such a facil-
ity requires.

So we know that we have a challenge. But I am pleased to share
with you a few things that are happening in Georgia that can help
us to move forward.

Last June a group of Atlanta entrepreneurs and educators from
several universities and secondary schools began meeting infor-
mally to discuss what could be done to improve science education
for K through eight students in Georgia. They have since formed
the Georgia Alliance for Science Education to develop a blueprint
and action plan that will ensure that all Georgia students become
scientifically literate citizens of the 21st century. They have also
joined with the National Science Resources Center, the National
Academies and the Smithsonian Institution to sponsor a Call to
Greater Collaborative Action, a conference on improving science
education programs for Georgia’s K through eight students. This is
particularly noteworthy as it is a grassroots effort intended to deal
with a giant problem. And as I will recommend to you, this initia-
tive will be driven by a public/private collaborative.

Finally, let me speak on a personal note. I have two young sons.
The older one wants to be a fireman when he grows up. This has
been his ambition since before he could talk. I believe he has
stayed committed to this goal, in part, because he has role models
that he can see and understand and talk to and brag about to his
friends. And believe me, every day my wife and I try to impress
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on him that he needs to understand his math studies because
today firefighters are expected to be part engineer. So we have
some leverage. But in the high-tech world, in the world of science,
engineering and math, we have not presented role models for our
kids. We have not demonstrated how the research scientist or the
entrepreneur or even the electrical engineer can be a hero, improve
our lives and maybe even save lives.

I will close with two suggestions. One from a professional per-
spective and one from a personal perspective. The challenge ahead
will require the close collaboration of business, the educational sys-
tem and our political leadership to truly meet the challenges that
you are addressing and to find the answers that you seek. But let
me be clear. By collaboration, I mean the active participation of all
parties, not merely one sector turning to another asking for more
money. An active collaboration is what has made the Georgia Re-
search Alliance successful, and I believe that such a model will be
the right basis for what you are about.

And from a personal perspective, let’s show our kids some heroes
from the world of math and science. Let’s brag about what they
have accomplished and what it means to our nation and to the
world.

Again, thank you for the opportunity to speak with you today.
[Applause.]
[The prepared statement of Mr. Cassidy follows:]

PREPARED STATEMENT OF C. MICHAEL CASSIDY

Mr. Chairman, esteemed Members of this committee—good morning. My name is
Michael Cassidy and it is a distinct pleasure and honor for me to join in this discus-
sion today and to provide testimony to this committee on a subject that is of great
importance to me professionally and personally, as I am sure it is to each of you.

As my biography notes, I am President of the Georgia Research Alliance. We are
a private, non-profit organization with an economic development mission. We were
formed in 1990 from the vision of the business leadership of the state.

They saw the need to bring together business, Georgia’s leading research univer-
sities and State government in a partnership to ensure that the innovation capacity
of our university research enterprise was directed toward bringing economic pros-
perity and a superior quality of life to Georgia, the region and perhaps the Nation.

The stated goal was, and is, for Georgia to be recognized in the top-tier of states
with an innovation-driven economy. Why is it important for Georgia to be thought
as a high tech state?

It is well known, certainly by this committee, that high tech jobs—especially the
jobs in fields such as computers and communications or the biosciences—attract our
most highly educated workers, who, in turn, earn the highest salaries. This high
tech workforce is the key to building very successful, growth-oriented companies
that lead to sustainable economic growth.

High tech industries are, in fact, characterized as the ones that are driven by en-
trepreneurial energy and imaginative thinking. These are the industries that de-
velop the sophisticated tools which impact businesses of every size and that trans-
late discoveries made in our research laboratories into the technological advances
that are so important to our quality of life.

We see a situation today where the development and use of technology is strongly
influencing the distribution of economic growth in the United States.

Clearly, this distribution of economic growth is not occurring uniformly in all
states and regions. Economists of course have a name for this—they call it geo-
graphic clustering. What it means, very simply, is that there are going to be the
proverbial haves and have-nots. There will be winners and losers.

Our challenge, the challenge from our board and the expectation of our governor
is ensuring that Georgia does emerge as one of the winners. But an even greater
challenge, and certainly one that this committee is concerned with, is to make cer-
tain that America sustains its reputation as an innovator and continues on a path
to prosperity.
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Over the past 13 years, Georgia has been quite successful in moving toward this
goal. We have brought a cadre of some of the world’s brightest and best researchers
to our universities. We have provided them and their colleagues with the specialized
laboratories and equipment that they need to lead research and development pro-
grams with significant economic development potential. And we have created pro-
grams to move innovation from the laboratory to the economy.

In fact, we can track some 120 new high tech startup companies that are related
to our investments in recruiting top scientists and developing a world-class univer-
sity research infrastructure.

This is the good news that I have just shared with our Governor as our legislative
session gets underway in Georgia.

But all of this success will fall apart unless we are able to meet the challenge
that this committee is addressing. We must be able to provide a workforce with the
math and science skills that are so vital to helping these new companies—and our
more established ones—thrive and grow.

We also need to continue to build a university research workforce that generates
the innovative technologies that lead to more growth of the high tech industries in
our State.

The statistics in Georgia are disquieting, particularly to an organization such as
ours that is expected to improve the economic landscape of our State. As I under-
stand our situation, in the year 2000, our fourth graders ranked 43rd nationally in
science and our 8th graders ranked 42nd. Our percentage of college students seek-
ing degrees in science and engineering continues to fall. Women and minorities are
still under-represented in the sciences and engineering.

And all this while the retirement of the baby boomers is expected to leave a two
million job gap in professional technical labor markets.

Recently, Georgia came in second in its efforts to recruit a major vaccine manufac-
turing facility to the state. Second really doesn’t count in this business. The facility
went to North Carolina. One of the key reasons cited was the perception that Geor-
gia could not provide the high tech workforce that such a facility requires.

We know that we have a challenge. But I am pleased to share with you a few
things that are happening in Georgia that can help us to move forward.

Last June a group of Atlanta entrepreneurs and educators from several univer-
sities and secondary schools began meeting informally to discuss what could be done
to improve science education for K–8 students in Georgia.

They have since formed the Georgia Alliance for Science Education to develop a
blueprint and action plan that will ensure that all Georgia students become scientif-
ically literate citizens of the 21st century.

They have also joined with the National Science Resources Center, the National
Academies, and the Smithsonian Institution to sponsor ‘‘A Call to Greater Collabo-
rative Action,’’ a conference on improving science education programs for Georgia’s
K–8 students.

This is particularly noteworthy because this is a grass roots effort intended to
deal with a giant problem. And as I will recommend to you, this initiative will be
driven by a public/private collaborative.

Finally, let me speak on a personal note. I have two young sons. The older one
wants to be a fireman when he grows up. This has been his ambition since before
he could talk. I believe he has stayed committed to this goal, in part, because he
has role models he can see and understand and talk to and brag about to his
friends.

And believe me, every day we try to impress on him that he needs to understand
his math studies because today, firefighters are expected to be part engineer. So we
have some leverage.

But in the high tech world, in the world of science, engineering and math, we
have not presented role models for our kids. We have not demonstrated how the re-
search scientist or the entrepreneur or even the electrical engineer can be a hero,
improve our lives, and maybe even save lives.

I will close with two suggestions—one from a professional perspective and one
from a personal perspective.

The challenge ahead will require the close collaboration of business, the edu-
cational system and our political leadership to truly meet the challenges that you
are addressing and to find the answers that you seek. But let me be clear. By col-
laboration I mean the active participation of all parties, not merely one sector turn-
ing to another asking for more money.

An active collaboration is what has made the Georgia Research Alliance success-
ful, and I believe that such a model will be the right basis for what you are about.
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And from a personal perspective, let’s show our kids some heroes from the world
of math and science. Let’s brag about what they have accomplished and what it
means to our nation and to the world.

Again, thank you for this opportunity to speak with you today.

BIOGRAPHY FOR C. MICHAEL CASSIDY

Mr. Cassidy is President of the Georgia Research Alliance, a strategic partnership
of Georgia’s research universities, joined by the business community and State gov-
ernment, whose purpose is to leverage the State’s research capabilities into eco-
nomic development results. Before joining the Alliance in 1993, Mr. Cassidy man-
aged the Advanced Technology Development Center (ATDC), Georgia’s technology
incubator. Prior to that he worked for the IBM Corporation were he held various
staff and management assignments. Mr. Cassidy holds a Master’s degree in Tech-
nology and Science Policy from the Georgia Institute of Technology and a BBA de-
gree in Marketing from Georgia State University.

Mr. Cassidy represents the State of Georgia on the Southern Technology Council
and the Southern Governors’ Association Advisory Committee on Research, Develop-
ment and Technology. He consults with several states on issues of science and tech-
nology policy and economic development. Mr. Cassidy is on the Board of Directors
of the Southeastern Life Sciences Association, Georgia Advanced Technology Ven-
tures, the SciTrek Museum, and the Georgia Chamber of Commerce. He is on the
Board of Visitors of the Grady Health System and a member of the Commerce Club
of Atlanta. Mr. Cassidy enjoys sailing, swimming and walking.
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DISCUSSION

Mr. GINGREY. Thank you, Mr. Cassidy.
That completes the formal testimony of our witnesses. I know the

students who are in attendance here this morning at this Full
Committee hearing of the House Science Committee have been ro-
tating in and out, of course, depending on class schedules, and you
may not have heard the full testimony of each and every witness.
They are submitting—have submitted a written report and, of
course, that will be eventually available in the Congressional
Record. But if any of you want one or all of these written testi-
monies, I can assure you that we will get them to you.

We will now get into the next phase of the hearing, the Q&A
phase. I think Congressman Davis would agree with me that we
all, Members of Congress, have a lot of town hall meetings, we call
them in our districts. This is a very important part of what we do
in regard to constituent services. But I have—and I am sure he
would agree—I learn more during that phase where we let folks
ask questions of us. It stimulates a two-way dialogue. A lot of times
we might not know the answer to a question, but then we get an
opportunity to go back and find out exactly what we need to know.
So this really—if you miss some of the actual testimony of the par-
ticipants, the best part is what we are getting into right now. I un-
derstand we do have some time where we will be taking questions
from the audience for any of the participants.

I am going to start the questioning and after a short period of
time, then I will turn that over to Congressman Davis and then we
will follow with questions from you.

Let me start actually with Mr. Cassidy. Mr. Cassidy, not long
ago there was a Business Week cover that asked the question: ‘‘Is
Your Job Next?’’ Clearly the issue of offshore out-sourcing and
American competitiveness is of great concern to Georgia and to the
Nation as a whole. We all read every day about loss of more manu-
facturing jobs. Just recently in this 11th Congressional District, of
which we are a part right here in South Cobb, down in Troup
County, in LaGrange, we lost another 550 jobs when West Point
Stephens, a textile manufacturing plant announced impending lay-
offs.

I believe the key to American competitiveness is competing on
our own terms, not trying to see who can pay their workers the
least. How do you think we can remain competitive, and what role
does education and training play in creating our comparative ad-
vantage against these other countries that are taking some of our
jobs?

Mr. CASSIDY. I think the key, Mr. Chairman, is continued focus
on innovation. You are familiar with the work of the Council on
Competitiveness and the issues that they are looking at of how to
continue to fuel innovation in our country. It was not that long ago
that industry aligned and began to look at the issues of moving
jobs offshore, but specifically in the manufacturing area. While this
was of great concern to a number of us in the country, it really did
not capture our attention because we were sure that our future
would be based on the expansion of a high-technology economy of
research and development, but today, we see these same jobs going
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offshore. So we are just going to have to continue to pour our ef-
forts into innovating, to leading to discoveries that have really led
our country to the heights that it is at today. All of this will require
strength in mathematics, in the sciences, in the engineering and it
has to start, as we have heard from our other panelists this morn-
ing, at the very early stages where we can capture the enthusiasm
of our children so that they will want to pursue these degrees going
forward. We have to sustain that workforce. Other countries are
way far out ahead of us today.

Mr. GINGREY. And I asked that—thank you, Mr. Cassidy. I asked
that question because while there is no question that we have lost
a lot of manufacturing jobs, not just in Tennessee and Georgia, but
across the Nation, manufacturing jobs are actually being lost
worldwide. While we may have taken a little bit more of a hit than
China and some of these other countries, we are still losing manu-
facturing jobs. The point is, it is because of increased productivity.
It is not just that we are losing jobs necessarily to these other
counties. There is some of that of course. But the fact remains that
technology, high-tech—and as you pointed out, an increased em-
phasis on math and science and engineering are going to hopefully
create more and better jobs for the future.

This is a question really for all of the witnesses. According to a
survey by the United States Department of Education fewer than
half of high school seniors surveyed indicated that they liked math-
ematics, a proportion similar to the proportion who felt that they
were good at it. What effect does this math anxiety have on stu-
dent achievement and what can we do to overcome it? I think I will
ask our student valedictorian, Ms. Purcell, to take that one first.

Ms. PURCELL. I find I enjoy math most obviously when I under-
stand it. There are some things where you need the concept gone
over many, many times. I personally struggled more with very ab-
stract things. I guess there is not as much motivation to try to un-
derstand it if you do not feel you will need it. I think some of my
peers, not so much in the IB program, but others taking calculus,
if they do not understand, they kind of feel like, well I will not
need it, so I do not have to worry about struggling to understand
it. I think that is probably the biggest problem with students say-
ing that they do not understand their math. Especially my peers
in their senior year are taking a class, but they do not feel they
will need it in their career, they are not going to want to spend a
lot of time studying their senior year and worrying a lot about not
understanding their math subjects. So I think that if some of them
maybe had had an opportunity to take it earlier when they were
a little more focused on high school success, and not looking so
much toward next year in college, that they may have put more ef-
fort into it or gone in to get after-school help and such.

Mr. GINGREY. I thank you, Ms. Purcell. You know, again, the rea-
son I asked that question—and I want the other witnesses to re-
spond as well briefly. But I am sure there is a certain amount of
grade point average fear in signing up for the tough math and
science courses. What do the other witnesses feel about that? Let
us just go right down the line briefly.

Mr. MCCLURE. Mr. Chairman, science and math obviously are
very closely interrelated. I think one of the biggest things is pres-
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entation. That is where we have to constantly work and go back
and hone our skills as teachers. Students have to come with a cer-
tain amount of skills and it begins day one. If we do not attack
them when they come with a mind willing to learn and take advan-
tage of that, it is pretty hard to go back and recapture that a little
bit later on. If somebody gets weak in math skills we have to now
develop a program that allows them to catch up to where they
should be when they start out. That sometimes is a problem be-
cause if they do not have success in that program you created to
catch them up, then they get frustrated. I think the biggest sell is
to say first of all you can do math. We have to stop telling people
about how hard it is and show them ways to do it. When I first
started out in science, I hated science, but I got a teacher who
showed me some ways that I could work in science. Since I was a
high-school athlete, he said if you practice this stuff this way—and
I use that in my class. It is probably 90 percent presentation, what
we really need to focus on in order to create—because we have to
create an atmosphere of excitement. Nobody wants to do anything
that is boring. Math is certainly not boring, it is a key that we
have to have. So I think presentation is a big role.

Mr. HILL. I will—I will second those comments. I think the role
that the state—the Department of Education and the state can
play is ensuring that teachers have all the necessary tools, such
that they can make those exciting presentations. We need to stress
content knowledge in science and math and revising the quality
core curriculum or these performance standards and providing ex-
amples of what it means to have a quality presentation in a certain
subject area so that Mr. McClure can compare his presentation and
his students’ work to high quality work in California, high quality
work in New York. I think a lot of times teachers unfortunately do
not have access to resources that are present across this country
and the role that we can play to provide access to those resources
to ensure that there is content knowledge and ensure that there is
ongoing training or staff development.

I am sure you can remember when you were in the state legisla-
ture, it seemed as if there was always a notion to cut staff develop-
ment, to cut professional development. If someone had already gone
to school, why do you need to continue to provide training? There
are always new things coming on in science and new ways to teach
math. So we just have to make sure the resources are there so that
the teachers and the students can do a good job in those subject
areas.

Dr. OHME. I think Ms. Purcell hit the nail on the head when she
said that she enjoys it when she understands it. I think that is true
of all of us. If we do not understand something, we tend to shy
away from it. I think that beginning early on with our young peo-
ple, we must ensure that they get a conceptual understanding of
the topic. Certainly there are certain basic skills that have to be
mastered to understand what skills go with the concept. That is
driven sometimes by assessment. So I think when our assessment
is based off of simply facts of basic computation and not looking at
conceptual understanding early on, we as leaders are guiding peo-
ple away from the concepts. When it’s based off memorization,
there is a limit as to how much we can memorize. Some students
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by sixth grade, their memorization fails them, some by ninth grade.
I have seen students memorize all the way through freshman year
in college and then hit a course of differential equations and that
is where their memory work—memorizations would not work any-
more. So if you want a student to understand, they have to under-
stand the concept. The reference is also made that one way to bring
understanding and relevance to students is making sure it is done
in an allocation setting. So you do not do the mathematics for
mathematic’s sake purely, but you do the mathematics as well as
its applications and bring out the applications.

This comes back to the in-depth knowledge of the subject matter.
A teacher who only surfacely knows the material is not going to be
able to stress concept or application. This is where we can use our
university people, research and mathematicians, scientists and en-
gineers to partner with the teachers to help bring the concepts,
bring the applications, bring current the applications. Then we
make sure that a child does not go from grade to grade without
mastering concept.

Mr. GINGREY. Mr. Cassidy.
Mr. CASSIDY. I think there are two things that I would mention.

From my own experience, math was not a strong point. It was a
long time ago when I was in high school, but our football coach was
my math teacher. I hope things have changed, but I fear that today
we still have far too many teachers in math—especially in the
sciences—teaching out of field. I know a good deal of that is related
to budget constraints and this is not a good time to be talking
about that, but I think something does have to be done to address
the issue of teaching within field and then really following on what
each of the others have said having those teachers be able to con-
nect with their students.

Now one other item is the use of technology in the schools today.
While I am a very, very strong proponent of technology-enhanced
learning, all the new devices and web-based and computer-based
tools and techniques to help teach kids science. Ms. Purcell talked
about the excitement of cutting open the calf’s heart. Well, we got
to do those things in school when I was a kid and that made
science exciting. I do not know if it is as exciting looking at it on
a computer screen today. I am not sure that that captures the en-
thusiasm. You certainly do not have the smell of formaldehyde all
over you.

So while we need to continue to look at all of the wonderful
things with technology-enhanced learning, I think there are appro-
priate applications and there are other times when kids just have
to be able to experience things the way that we did when we
learned science.

Mr. GINGREY. I want to thank all of you for those answers. I had
a follow-up question but I am going to hold that because I have
gone way beyond my time. I think at this point I will turn it over
to Congressman Davis for some of his questions.

Mr. DAVIS. Again, thank you for the testimony you have given
and for the response to the questions that you have given us as
well.

In your comments, Mr. Cassidy, one of the things that you al-
luded to is that we probably need more role models, more than just
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sports figures, more than movie stars or musicians or those who
make huge sums of money. We need someone whose life has been
successful. We have some of those, folks like Bill Gates. As we re-
view the last 100 years of aerospace, Orville and Wilbur Wright,
which certainly was a part of my upbringing to study about that
and look at how we have evolved—not evolved, but how we have
through research and development, education and knowledge, that
we have gone from that small lightweight plane that flew for a few
hundred feet to what we are doing today in aviation. So we do have
those, whether it is Eli Whitney; George Washington Carver, one
of the minorities, was an investor and inventor in agriculture in
our country. So we still have those role models. I think sometime
we do not do enough at the high school level, K through 12 or K
through 8 to remind our children, our students, that these are folks
that you can pattern your life after.

And in making that comment, Dr. Ohme, you basically said that
we have to prepare teachers better. We need to bring not just bet-
ter educated teachers but teachers who can relate to the student
in the classroom to where that child will learn from that teacher.
When I grew up in the small community I grew up in, my grand-
parents lived close by. They were role models for me. Not as much
of a role model as my parents, my mother and my father. But prob-
ably perhaps outside of my family, the biggest role model that I
had growing up was the teachers. I can tell you their names, how
they felt toward me, and how I felt toward them. I do not know
whether we have lost that or not. I certainly hope that we have
not. I do not think my daughters when they went to grade school
and high school as they related their stories—they still have those
feelings that that teacher is a role model to them. But I think that
we are seeing changes made in how we look at education.

The question I guess that I would ask each of you, Mr. McClure,
Mr. Hill, Dr. Ohme, maybe Ms. Purcell, even you because you are
a student: what approaches are possible for attracting more quali-
fied individuals including mid-career and retired scientists, mathe-
maticians and engineers to careers as science and math teachers
and particularly to attracting minority candidates, perhaps? Either
of you or all of you. And what are we doing today?

Mr. HILL. One program that the State of Georgia has imple-
mented is Georgia TAP, basically which is an alternative certifi-
cation program. It allows those folks who were in careers other
than education to maybe make a mid-career adjustment, make a
mid-career change. Those folks do not have to go through a college
of education but they have to show and demonstrate that they have
content knowledge by passing the so-called PRAXIS Test. All of the
testimony that I have heard with regard to the PRAXIS Test in
math, if one achieves a passing score on that test, they clearly un-
derstand the content knowledge of math. But I think we cannot ig-
nore the teaching side of it because I am sure we all had professors
in college and graduate school who were brilliant but could not con-
vey the knowledge that was inside their heads.

So the alternative education program that Georgia has enacted
requires not only content knowledge but some type of mentorship
and training to expose these different individuals to what it means
to teach. It is very important in elementary and in K–8 I think to
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ensure that you can connect with these young kids, maybe less im-
portant in high school, but it is still very important.

Ms. PURCELL. In the IB Program—I am sorry. In my experience
my teachers are a wonderful group of diverse and accomplished in-
dividuals. Many of them were professionals before they became
teachers. I think that they choose to teach and they love to teach
because they get to teach a group of students that really want to
learn. My peers and I are very much interested in learning and in
succeeding. I think that drives them to continue. It is not so much
of a chore, it is a more positive experience. I guess then you are
back to the same question, how do you make the students want to
learn? I think those two things go hand in hand.

Mr. DAVIS. I sense that you have a special school here. You are
obviously—it is special when you talk about being 99.5 percent in
the top category. That is extremely special, if you are from any part
of this nation, to be in that category.

Are the students here from the surrounding communities or do
they live in this neighborhood? I mean how has this—from your
perspective, how has this high school become so successful?

Ms. PURCELL. Personally I—the IB Program pulls from all Cobb
County, so they do not live close by. But I was districted to come
to this high school anyway. So I have maintained ties I guess with
the regular student body who do live in this area. I think that obvi-
ously the IB Program has helped make it more successful just be-
cause interaction with different kinds of people who have grown up
in different areas. The success comes from both sides of the, I
guess, Campbell student body.

Mr. HILL. I think there are several points I want to mention.
One, I think the profession does not have the honor and recognition
that it probably did in earlier decades. I think we must analyze
ways that we can bring prestige to the profession. If you look at
the starting salary for a teacher versus an engineer, it is not nec-
essarily encouraging.

The second thing I want to look at is the retention rate of teach-
ers in their first three to four years of teaching. We find that there
is a tremendous loss of teachers in that period of time. I think we
have to look at that seriously. I think the working conditions of the
teachers is not conducive to encouraging teachers to stay. If you’re
an engineer and you need a couple of hundred dollars worth of sup-
plies, most likely your firm would provide them to you, yet we find
teachers buying supplies out of their own money. It is not so much
the $200, that is a give or take kind of thing. But it is the image
and the perception and the concept.

We also find that there is a correlation not so much between the
poverty and the background of the student and success as we do
with the quality of the teacher and the success of the students. And
so we need to look at programs that bring our best teachers to the
more difficult teaching situations. There are rural situations, urban
situations where the teaching is more challenging. We need to find
a way to motivate and move our best teachers.

Mr. DAVIS. I have three teachers in my family, a son-in-law, a
daughter and my wife. She teaches second grade. There are numer-
ous occasions when I am traveling in the northern part of the dis-
trict I represent that someone will tell me, your wife taught me in
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second grade, and I love it. My little six-year old granddaughter,
Ashton, asked her mom the other day, she said, mom, or mother,
why do all the little kids hug you? She was afraid her mother was
going to start loving the little kids more than she did her.

[Laughter.]
Mr. DAVIS. So I think we still have today that feeling, at least

in the rural areas, that the teacher is kind of something special.
I hope that we can keep that going.

Dr. Ohme, I am running out of time. In your testimony you char-
acterized the NSF Math and Science Partnership Program as ex-
emplary for engaging K through 12 educational practitioners in
math and science and university faculty in advancing science and
math education in the schools. There is a persistent rumor, maybe
not true, that the upcoming budget proposal for fiscal 2005 will
move the NSF program to the Department of Education. What is
your view on the overall impact of such a proposal and does it
make sense to maintain separate coordinated partnership programs
at NSF and the Department of Education?

Dr. OHME. That is an excellent question, sir. The role of the Na-
tional Science Foundation and the role of the Department of Edu-
cation are two distinct roles. The role of the National Science Foun-
dation, as I understand it, is a research, very narrow type role. The
use of scientists, mathematicians and engineers into a K–12 setting
is something unique, something we have not done more than a year
or two. And the money that Congress allocates for math/science
partnerships is for the express purpose of bringing that group of
people into the schools. For us to spend millions of dollars on a pro-
gram without having tested it, experienced it, done some research
on it and identify some best practices I do not think is sound judg-
ment. So I think to continue an allocation to the National Science
Foundation to prototype programs, to go out to different distinct
situations, test out some strategies, find out what works and what
does not work and then communicate this body of best practices to
the Department of Education that is typically given a large amount
of money typically allocated in a block grant or by formula or some-
thing based on population and need, and be able to carry them and
say here are some things that we know work in these situations,
here are some things that we have found do not work in these situ-
ations, put this in your repertoire of spending money.

So I think that at least at this point in time, where we have a
scenario that’s new, we need to be able to gather more data. I think
all of us can identify some college faculty members who if thrown
into a K–12 situation are not going to be effective. But yet we have
some situations at Tech where it is extremely effective and we out-
lined some of those programs in our testimony. So I think it can
happen, but we need to document what those profiles are before we
put massive amounts of money out.

Mr. DAVIS. Thank you very much. I yield back to Congressman
Gingrey.

Mr. GINGREY. Congressman Davis, thank you.
Mr. Arnson, I think at this point we will get into questions from

the audience. I want to remind members of the audience who are
participating in the hearing that your questions can be to any one
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of our witnesses or to the entire panel. So at this point we look for-
ward to hearing your questions.

Yes, sir. Let me—just a minute. I guess in the interest of making
sure that everybody can hear your question, we are going to ask
you to come down and come to the main microphone here.

Mr. BUTLER. [Inaudible.]
Mr. GINGREY. Members of the panel, could you hear the ques-

tion?
Ms. PURCELL. No.
Mr. GINGREY. Okay. That is not your fault. The sound system

may not be as good as it needs to be. Can you actually, you know,
act like you are on one of these TV shows, what do you call it, the
one where——

Mr. DAVIS. Reality.
Mr. GINGREY. Reality, there you go. And just put that thing right

in your mouth.
Mr. BUTLER. I have a question for this panel. Most of you all re-

ferred to math and science organizations for the future. I just want
to know what type of math organization—math and science organi-
zation were you all planning for today, the present.

Mr. DAVIS. I think what his question is, is that we are talking
about the future of math and science. His concern and interest
would be what are we doing today in math and science. Is that cor-
rect?

Mr. BUTLER. Yes, sir.
Mr. MCCLURE. I will address that for you, Mr. Butler, since you

are in my class during this period.
[Laughter.]
Mr. MCCLURE. One of the things we are going to do is try and

give you a good base in science so that you will be well qualified
when you leave Campbell High School to go out and participate in
science on any level that somebody leaving high school could be
best prepared for. There are lots of things that are available to you.
There are all kinds of science organizations, you know, here at the
school. We have a chemistry club, we have lots of things that you
can avail yourself of. Probably the most important thing for you to
be aware of right now though is Chapter 2 and the chemistry that
we are studying.

[Laughter.]
Mr. BUTLER. Can I ask another question?
Mr. GINGREY. Yes, sir, sure.
Mr. BUTLER. He spoke on—Mr. Cassidy, he spoke on coaches

teaching in the math and science classrooms. I would like to know
how you feel about that because Mr. McClure is a coach and is in
the science classroom.

[Laughter.]
Mr. CASSIDY. Well, now there is a difference. There are those

that are trained in math and happen to coach in their spare time
and there are those that are trained as coaches and because of con-
straints have to come into the classroom and take any number of
different subjects. I think it is great when it works. My point is,
I think in fields like mathematics and especially in the sciences the
needs are so unique, the subject matter is so unique that as each
of the panelists have noted, teachers must be properly trained both
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to handle the subject matter and also hopefully to get you very en-
thusiastic about that. Now your football coach maybe can get you
very enthusiastic about math. He can perhaps make it very, very
applied. There is a lot of math in football and in basketball. I had
an econ professor who was a big enthusiast of basketball. He could
take a very complex economics problem and explain it in termi-
nology that basketball players—and that is great. But math and
science require very, very specialized skills. I think we just need
to be making certain that our teachers do have those skills, and if
they also want to participate in coaching and sports, I think that
is outstanding—or any other extra curricular activity that they
want to pursue with the students.

Mr. GINGREY. Mr. Cassidy’s answer, while somewhat accurate, I
have to remind him that this is a no-spin zone in regard to some
of the math and science that is applicable to sports. But certainly
he and I realize that there has been a paradigm shift since the
time that we both went to high school. I think your question is a
great question, because it is true that years ago principals—Mr.
Arnson would hire a football coach or a basketball coach primarily
because they wanted a good coach. Then after they decided to hire
that individual, they would say oh, by the way, the class that you
are going to teach is calculus, because they had to teach as well
as coach because primarily they are teachers. I think that the para-
digm has shifted.

I am so glad you asked the question, because I think today what
you are seeing is principals like Mr. Arnson and others who are
serving us so well; when they hire coaches, it is a secondary goal.
Primarily they need to be good teachers. Coaches that you now see
teaching in our school system are well prepared and have great
mastery of their subject matter and they just happen also to be
good athletic coaches.

All right, we are going to limit you to two. Thank you.
Who is next?
[Student raises hand.]
Mr. GINGREY. Yes, sir, come on down.
[Applause.]
Mr. DAVIS. While we have the young gentleman coming, what I

am impressed with is that these young folks are listening obviously
because they caught the comment that was made. And truly the
football coach is part of math. Georgia Tech and Cumberland Uni-
versity have I think the highest football score in the history of this
country. You have to be able to have some mathematical skills to
add that score up. It was a horrible score. Cumberland University
is in the central part of Tennessee. But one of the analytical parts
of football is when it is fourth down and 25, the analytical math
part of it is you punt.

[Laughter.]
VOICE. I have a similar question. My name is Matthew and I

teach chemistry here. You talked earlier about training and retain-
ing and attracting the best teachers to not only Georgia but to any
school in the country and I was interested in what Coach McClure
had to say about that. Not just because he is my boss, but because
he is one of the science teachers and someone who has first-hand
experience, I would just like to let the audience and the panel have
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a chance to hear what he would have to say since he was not able
to speak on that earlier.

Mr. MCCLURE. I appreciate that, Matt. You know that is some-
thing—and I listen respectfully to a lot of comments. A lot of times
we do get a lot of input about teaching. I guess as—you know, we
still consider teaching a royal profession. Maybe everybody does not
consider it that, but I know teachers do and I certainly do. I have
a lot of comrades who do a great job. It is somewhat dismaying
sometimes though—we have all had brilliant professors that are
masters of a subject matter, but have an inability to communicate.
To me that is equally as important or maybe more important, being
able to deliver. It is salesmanship. If you cannot sell it—that is
why students sometimes do not like certain subjects. You cannot
just beat up on math and science because I think it would be true
across the board. It is salesmanship. You know, you can maybe
know less—and that does not mean that you are not qualified.

I am glad that he asked the question. I am a biology major with
a chemistry minor. That was what I started out to do, and they
asked me if I wanted a job, could I coach. So I did go the opposite
way with that. But you have to be able to sell it. If I go to your
class and you write with one hand on one board and erase with the
other hand on the other board, that is all you do for me and say
have a nice day, I am not going to be interested in whatever you
are trying to tell me about. I think that is the key to it. It is a little
difficult to accept genuinely the idea of someone taking a three-
week course and being considered a teacher. You could not do that
if you wanted to be a lawyer or if you wanted to be a physician.
Yet somehow we have reached the point where we think that
teaching could be done that way. Perhaps those who make deci-
sions along that line need to spend a little time with us so they
could really realize what really goes on, because I think the reten-
tion rate of those people who make those changes sometimes is not
very high. I think what they realize when they come into the class-
room is that there are a lot of variables that teachers have to deal
with in addition to knowing the subject matter and being able to
present it.

There is a story told—I will make it brief—about a business lead-
er who was getting on the teachers and trying to encourage them
to do the very best they could. This person was a blueberry sales-
man, and the person said that, you know, what we do is we make
the best blueberry pie in the world. We get the blueberries, we
make the pie and we send it out. There was an old teacher in the
back of the room who pointed out the fact, yeah, you can do that,
you can make the best blueberry pies, but you can choose your
blueberries. Unfortunately in education we do not get to choose
that. We take what comes and you have to use a skill. It is a call-
ing to be able to teach. It is a blessing to be able to teach, but not
everybody who is gifted in the subject area can have the ability to
deliver.

[Applause.]
Mr. DAVIS. You have proven that cloning is a great idea. I won-

der if we could clone you and make all the teachers in America like
you?
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Mr. GINGREY. We have plenty of time students. So we will be
glad—oh, good, we will take our next question.

VOICE. Good morning.
Mr. GINGREY. Good morning.
VOICE. I have heard some of the panelists talk about teachers

needing technological improvement in tools to enhance the learning
environment to inspire students. My question is directed toward
the Congressmen. What kind of funding would the Federal Govern-
ment provide to make these technological improvements happen?

Mr. GINGREY. That is a very good question. One thing that I
have learned in the Congress, and I certainly learned that prior in
the Georgia General Assembly, is that everything is based on prior-
ities. You have a certain amount of revenue to spend. Now states
have to balance their budgets. I wish that the Federal Government
had the same constraints. But even if we had a balanced budget
amendment, Constitutional amendment, in Congress, the excep-
tions would be in times of national emergency or times of war, and
we find ourselves today in both situations. So you are seeing some
deficit spending that none of us like.

Our budget this past fiscal year, 2004, was $2.3 trillion. Now
think about that, $2.3 trillion. That is a lot of zeros. Two-thirds of
that money is for what we call nondiscretionary mandatory
spendings, Social Security, Medicare, things that we—no matter
what, money that has to be spent. It is very difficult to cut that
part of the budget because promises made are promises that have
to be kept. People are living longer, there are more recipients of
those entitlement—sometimes called entitlement expenditures. So
only about B of the budget is what we call discretionary spending
and, of course, education, K–12, higher ed, Head Start. You know,
from three-year-olds all the way up to college and beyond is a part
of the discretionary spending. Oh, guess what, so is the Depart-
ment of Defense and the need to have a strong military, and the
Department of Homeland Security and the need to protect each
and every citizen so that when these youngsters like yourselves
and your little brothers and sisters go to school every day, you do
not have to have that great fear that something like 9/11 is going
to happen to them or yourselves, and your parents and grand-
parents of course have that same great fear.

So those are the constraints that we find ourselves in. And even
with that, this administration has increased fairly significantly the
amount of spending on education. But certain line items may not
be to everybody’s satisfaction in regard to things like special edu-
cation and as you point out technology and the need for additional
spending. I wish we could do everything that we need to do, but
unfortunately there are some constraints there. But I truly believe
that in this state and hopefully in the state of Tennessee and
throughout this nation that we—maybe we are spending enough
money, but possibly we are not spending it as wisely as we could
or should. You know, you have always heard the admonition to
work hard, work hard, but you need to work smart, too. Sometimes
people work very hard but not very smart, and the same thing re-
garding spending. It is not just a matter of throwing additional dol-
lars at it, it is looking for the programs that work and the pro-
grams that do not work and accountability. In fact, that is what No
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Child Left Behind is all about. So it is a great question and I ap-
preciate it. I would be interested in how Congressman Davis feels
about that, and maybe any of the witnesses might want to com-
ment.

Mr. DAVIS. I will make a brief comment. Recently flying back to
Washington I picked up a local telephone cooperative magazine
called the Tennessee Magazine. The front page said, ‘‘A Better Edu-
cated America,’’ and I was excited about reading that story. It was
about half a page. It related to the 1940 census compared to the
2000 census, and I wanted to compare the district I represent to
the national average. In 1940 less than one out of four people who
were over the age of 25 had a high school education or better. This
was 1940. It is eight out of ten today. It is 80 percent today. That
is not good enough, but it is much better than it was 60 years prior
to. One in 40 people had a BS degree in America. Now one in four
has a BS degree or better over the age of 25, and 80 percent had
a high school education or better. So I checked the congressional
district I represent. 400 some odd thousand people lived in that
district in 1940. A little over 11,000 had a high school education
or better. 2.7 percent of the population had a high school education
or better. Two of those people who did not have a high school edu-
cation, like many others I know, were my parents. Why did they
not have a high school education? One-teacher school buildings was
the norm for those poor communities. And York High School in
Jamestown was built by Alvin C. York, Sergeant York, in the late
1920’s and was too great a distance for my parents to travel to,
that only high school in that area. No transportation. We were not
funding public education adequately. Basically we were leaving it
up to small communities to do their own thing or in many cases
faith-based organizations in the area that I am from, the Cum-
berland Plateau. And there are many foundations today, the Meth-
odists, the Baptists, the Presbyterians. Foundations are all that is
left. The buildings are no longer there. We made a strong commit-
ment in the 1930’s and 1940’s to public education. As a result, we
have seen dramatic improvements.

Are we committed to funding public education today as we were
in the past? The Tennessee State Constitution says every child, re-
gardless of where they live, every child will be afforded the same
opportunity for an education as any other child in the state. We do
not have that on the national level. We spend a little over $50 bil-
lion out of $2.3 trillion on education, and a large part of that goes
to research universities, to institutions of higher learning beyond
the K through 12 level. We do have many regulations and require-
ments as a result of federal funding, which in many cases brings
an unfair, unfunded mandate to the local school districts.

So how do we change that? I think first of all, Representative
Gingrey has been very accurate in saying there are a limited
amount of dollars that are available. I believe if you look in the
1940’s and 2000, the most important factor in a country’s continu-
ance as a democracy is to be sure that every child gets a great edu-
cation. Bill Gates, in a recent trip that my wife and I took to that
area along with several other individuals, many who serve in Con-
gress, made the comment that was striking to me. He said we hire
a large percentage of the 28,000 people who work here at this com-
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plex in Seattle, Washington, and what they build at Bill Gates’
Microsoft you can carry in your hand. It is technology. It is a pro-
gram. He said most of the folks we hire anymore, the largest per-
centage, are not American citizens, maybe educated in America’s
universities but from some other country. He said here is why. In
most countries—in many countries there is a merit-based edu-
cational system, K through 12. We do not have it in America. His
opinion was that we should not have. That we offer an opportunity
for every child regardless of academic ability, social and economic
values. In essence America made the commitment to every child K
through 12. We do have merit-based in higher education. If you do
not make the grade you are gone. You have got one quarter, one
semester and if you are not at a certain academic level, you leave.
So we have a merit-based system in higher education. We chose not
to do that on the lower level. That requires a much larger commit-
ment of funding to be sure that every child is educated to the level
that they are able to reach. Should we change? I am like Bill
Gates, I do not think we should. I think our system has been ex-
tremely successful. It has elevated us, in my opinion, to the most
prominent country in the civilization of mankind. Do we need to
fund more for education? You betcha. Will we be able to? Perhaps
not. The thought in Washington is that most decisions being made
is that, quite frankly, the funding for education should come from
local and state agencies, and unless that changes, that will still be
the driving force for funding for education in America.

Mr. GINGREY. Thank you, Congressman Davis.
Next question.
VOICE. I am a junior here at Campbell High School and I work

in the Math Department and I often hear teachers talking about
the curriculum. I often sit in the classrooms and see teachers hav-
ing to speed through the text and not getting to actually students
but fill them with information so they can pass the test. I am just
wondering if there is any room in the future of math or science to
get away from speeding through a subject because maybe a good
student does not understand because they do not learn that fast,
and giving them room to actually learn what they need to know so
they can be successful later in life.

Mr. GINGREY. That is a great question. I think we will ask our
witnesses to respond to that.

Mr. DAVIS. While someone is getting ready, I might add, this
school itself is addressing part of the issues he is talking about, be-
cause you are bringing what we call in Tennessee a magnet school.
You are bringing those who need to be challenged intellectually
into a setting such as this here at Campbell.

Dr. OHME. A characteristic of the American education curriculum
in contrast to many others in the world is that we have a lot of
redundancy and the same topics are taught over and over again.
If you look at the 6th grade and 7th grade math you will see it very
much. There is a movement in Georgia, and this school has taken
a lead here in looking at the curriculum and reducing the number
of concepts that a student is expected to master in one year and
having teachers focus on that, but then not going back and repeat-
ing. In other words, if you master it and you call upon it and you
use it, the teacher does not have to go back. So if you start from
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the first grade and define a smaller number of topics per grade and
concentrate on mastery, then you will build over a decade or so a
system that I think would address the question that the young
man asked.

Mr. HILL. And to follow up on that comment, Georgia’s cur-
riculum was audited by Phi Delta Kappa several years ago and ba-
sically the report says our curriculum was a mile wide and an inch
deep and it did not provide focus at each of the different grade lev-
els and the rewrite of the Quality Core Curriculum now called per-
formance standards will provide specific content standards and ex-
pectations for each of the different grades for K–12—K–8, and for
grades 9 to 12 specific content standards and expectations for each
of the different courses. So I think we are definitely moving toward
having clearer expectations and goals. With regard to assessments,
there is an ongoing debate that I think will forever ask how much
testing is too much testing and the other side of that, one might
suggest that in order to ensure that students know the subject
matter, you have to assess them as frequently as you need to so
that you can then provide intervention or remediation or allow for
acceleration for those students who have already mastered the con-
tent.

The steps that we have to take at the state is ensuring that the
curriculum and the assessment and the instruction are all aligned
so there is no redundancy.

Mr. GINGREY. Again, just as a little closing comment on the ques-
tion. Obviously the concern over—particularly in regard to math
and science—teaching to the test and because of that not having
the opportunity to really pursue the subject matter in depth and
have that good full understanding. I think as the witnesses have
said, accountability also is very important. There is going to be
kind of a transition phase, I think where we are going to have to
realize that there will be some teaching to the test because schools
are not going to want to be labeled as not making adequate yearly
progress, but I think as this hearing indicated and the testimony
from the witnesses, this improvement in math and science is going
to need to start at the primary—indeed, even the primary school
level, and there needs to be, in my opinion, coordination between
your primary/elementary school teachers, your middle school teach-
ers and your high school teachers. And a math department does
not need to be three different math departments in a particular
school system. I would hope that week that they spend before
school starts, that teachers that teach math, whether in elemen-
tary, middle or high school level will come together and there can
be an understanding of a longitudinal need that everybody is on
the same page. But for the time being, there is going to be a little
heartburn in regard to accountability.

We have time probably for one and possibly two more questions.
VOICE. I am a junior here at Campbell High School and I am in

the IB program. First of all, I would like to say what an honor and
a privilege it is to be here today and speak with you ladies and
gentlemen about issues about school.

My question involves a comment, I am not sure who made it, Mr.
Gingrey or Mr. Davis, but that American schools are not really that
competitive on a global level as schools in other countries may be.
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My question is, is there anything being done about that? Are there
any plans to make our schools more competitive so we can more ef-
fectively compete on a global scale?

Mr. GINGREY. I appreciate that question. I think I was the one
that made that comment and Congressman Davis may want to
comment on this question as well.

I think it was the Governor of Michigan several years ago that
led a group on a trip to Japan and some of the western European
countries and came back and a report was given, an accurate re-
port, that I think 15 industrialized countries were compared on
math and science and the United States was pretty close to the
bottom on both of these.

Congressman Davis in his comments just a minute ago alluded
to maybe one of the reasons for that is this merit-based education
that we see, I guess maybe in Japan and some of the western Euro-
pean countries—Germany—where if you are found to be maybe
lacking when you get to the eighth grade, then you are channeled
in one direction and the brighter students are channeled in an-
other. And, you know, if we adopted that model, and to take it over
to a sports analogy in regard to Michael Jordan, where would he
be today if he had not been allowed to struggle through his fresh-
man year when he did not make the basketball team. Sometimes
people are late bloomers and that is certainly true academically as
well. So it is a great question and it is something that we do need
to address. I will turn the mic over to Congressman Davis.

Mr. DAVIS. In the comment from Mr. Gates—do not want to real-
ly refer back to him as being the authority, but in the comments,
he said a lot of our employees now are coming from Singapore,
India and China because of the merit-based educational system.
Those who have been tried and tested move into certain categories.
Therefore they may even be educated here in America because our
universities perhaps are better. I am not sure, but he said many
of those are educated here, even though K–12 they went through
a merit-based educational system.

I think when you compare our K–12—I am not making excuses
because we need to improve, but when you compare our K–12 to
other countries that have a merit-based system, when you are talk-
ing about the high school graduate, you are comparing maybe not
apples to oranges, but at least you are not making the same com-
parison of the academic achievements of every child going through
high school and only a few reaching the 12th grade level maybe in
some of the other countries.

I do not know that that is the answer as to where we are at, but
I understand that when the Nobel laureates are given out, that
generally over half of those in science are from American citizens
and over half of the patents applied for in the world today are from
an American citizen or an American company. That does not allude
to the fact that we have a failing education system. It may be fail-
ing for some, but it is certainly not failing for all.

Mr. GINGREY. It is such a good question, I think we will let this
be the last question and I will ask our expert witnesses who have
testified here today to go ahead and try to address that. And again,
the question—I will have you repeat it for them.
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VOICE. My question was are there any plans, any ways that we
could increase our competitiveness on a global scale with schools in
other countries like Japan and India.

Mr. HILL. I would like to point to two initiatives at the Depart-
ment of Education as undertaken over the last several years. One
in particular this year, the State will pay for AP exams. AP exams,
of course, are tied to not only national standards but to inter-
national standards. And another initiative that I want to highlight
is the rewrite of the math performance standards. We actually
looked at different national benchmarks and international bench-
marks and settled on adopting the Japanese model for math. So
what you are going to see within several years is that beginning
in 7th grade through 12th, teachers of different math courses are
going to include a standard algebra, geometry and data analysis or
statistics and it is possible that within the next several years that
the term algebra or geometry or statistics, those terms may not be
the name of the different math courses where we are talking about
maybe math 1, math 2, math 3, math 4, but that does not have
a nice ring to it, we are going to have to come up with a better
name, but we are definitely looking at Japan and adopting their
model for K–12 math concepts and math standards.

Ms. PURCELL. I want to say that at Campbell High School, the
IB curriculum, our scores on our tests are well above the world av-
erage. I do not know if it is really a teacher or, you know, Ameri-
cans are stupider or dumber, but——

[Laughter.]
Ms. PURCELL. —we do receive a more elevated level of instruc-

tion and are taking the same tests as students in other countries,
at least at this school and in the United States in general, we per-
form better.

VOICE. I am not necessarily speaking about the IB program here,
but we do receive an advanced level of education, I was really
speaking of students who are not on IB, who are receiving basic
classes.

Mr. MCCLURE. I think that is a good question because I think
Campbell being recognized in the top four percent is not just our
IB program, it includes some other parts of our school, our AP
scores I think were included in that, which are not necessarily our
IB students.

But I think you cannot under-estimate the point that the Con-
gressman made about students in Japan. In Japan, as I under-
stand it, all of the students are Japanese.

[Laughter.]
Mr. MCCLURE. In America, it is a little bit different. We do not

have one type of blueberry, and neither do we say to any of those
blueberries that even though you messed up in the 3rd grade, you
cannot go to the 4th grade ever. You may have to work at it a little
bit, but you go. We do not say that because you messed up in the
3rd grade, you are going to be a farm hand, like I was raised on
a farm, you do not get relegated to that.

So that has a big role in our educational system. I agree it is not
just apples to oranges. We do a great job of educating what we
have. We can do better, no doubt about that, but if you really had
some other country to compare us to, I think when you take the
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best and the brightest that we have to offer, you see what it is that
we are really doing. It would just take somebody from Japan com-
ing to teach a class in America to really understand and appreciate
what a great situation they have. It would be probably similar to
teaching private schools here, where you can decide on who you
want to have and who you do not want. Where in public schools,
we do not want or get that luxury.

Mr. GINGREY. Thank you very much, and at this point, we are
going to go ahead and wrap up. I want to first of all give Congress-
man Lincoln Davis from Tennessee an opportunity to wrap up and
then I will have a few closing comments and then we will adjourn.
Congressman Davis.

Mr. DAVIS. Well, it has been certainly a pleasure to be here today
and listen to many of the students who have asked the questions
that you have asked and for the testimony. Ms. Purcell, a student
here, as well as the testimony of one of the teachers, Mr. McClure,
and others, Department of Education as well as the universities
here in Georgia.

I am excited about what I am hearing, especially from the stu-
dents. It is exciting what I am hearing about the coach who also
was a science and math instructor. I think America’s future is
bright because of individuals like you, those of you in this room.

Thank you for listening to those of us who serve in Congress and
the panel that has been here today.

I can assure you, Mr. Gingrey, that there are two staff mem-
bers—Joye and John over there—who may want to take this peach
away from me, but they are not getting it.

[Laughter.]
Mr. DAVIS. It is good to be here. Thank you very much.
Mr. GINGREY. Congressman Davis, thank you.
[Applause.]
Mr. GINGREY. Let me just summarize for a minute. First of all,

to thank our witnesses—Ms. Purcell, one of your own; Mr.
McClure, indeed one of your own outstanding faculty members; and
Mr. Hill, Dr. Ohme and Mr. Cassidy—how much we appreciate
them taking the time out of their very, very busy schedules and
how the important work that they do to be here and spend half a
day with us this morning, how much we appreciate each and every
witness who has testified.

As I listened to both the witnesses and Congressman Davis and
the questions from the audience, it made me realize once again
how important it is to have a Full Committee hearing of the United
States Congress Science Committee here in my District in Cobb
County, Georgia at Campbell High School—Newsweek, top four per-
cent of the best schools in America. What a great venue to discuss
this issue, this so important issue regarding fueling our high tech
workforce with math and science education.

Congressman Davis pointed out something to me that is easily
overlooked, that we compare the United States of America with
these other industrialized countries, that we are not really com-
paring apples and apples, and he described the merit-based edu-
cation that some of these other countries have. And it is so impor-
tant to remember, I think, in closing here today that math and
science and technology—at one point in our history maybe when
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some of us with a little bit of gray around the temple went to high
school and college, everybody did not need to have a good under-
standing of math and science. But in today’s 21st century where
yes, we are losing a lot of these old cut and sew manufacturing
type jobs that did not take great skills or much education. Every-
body—everybody—today needs to have a good understanding of
math and science. As I go around my District and there are a lot
of manufacturing companies—Lincoln, I was just yesterday at a
Honda plant in Haralson County, I was just at a clothing manufac-
turing plant in Carroll County, and the equipment that they use
is so highly advanced, computer-based, and sometimes robotics. So
math and science is important for each and every student. And
that is why we are here today—to try to instill a lot of enthusiasm.
As has already been pointed out by Congressman Davis, if we had
more teachers like Mr. McClure, then I think every student could
be a valedictorian like Ms. Purcell.

I thank all of you for coming. It has been a great hearing. And
at this point, I declare this hearing over. Thank you very much.

[Whereupon, at 11:25 a.m., the Committee was adjourned.]
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